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EDITOR’S OUTLOOK 


RIEDRICH WOHLER, like several other subsequently famous 
chemists, began his preparation for a scientific career as a student 

a of medicine. After having studied at Marburg for some 
Friedrich ; ; 

Wohler time he went to Heidelberg, where he was apparently 
greatly influenced by Gmelin who taught chemistry 
there at that time. He obtained his degree but never practised 
medicine. 

Instead, he set about making arrangements to study chemistry under 
Berzelius, the most prominent chemist of that time. He tells how, 
upon his arrival at Stockholm, Berzelius himself opened the door to 
his knock and conducted him through the laboratory which had been 
the scene of so many famous discoveries. He marveled at the plainness 
of the quarters and the lack of facilities and equipment. 

‘The laboratory,”’ as he related afterward, ‘‘consisted of two ordinary 
rooms furnished in the simplest possible way; there were no furnaces or 
draught places; neither gas nor water service. In one of the rooms were 
two common deal tables; on one of these worked Berzelius, the other was 
intended for me. On the walls were a few cupboards for the reagents; 
in the middle was a mercury trough, whilst the glass-blower’s lamp stood 
on the hearth. In addition was a sink, with an earthenware cistern and 
tap, standing over a wooden tub, there the despotic Anna, the cook, had 
daily to clean the apparatus. In the other room were the balances, and 
some cupboards containing instruments; close by was a small workshop 
fitted with a lathe. In the neighbouring kitchen, in which Anna prepared 
the meals, was a small but seldom-used furnace and the never-cool sand- 
bath.” 

Berzelius judged that the young enthusiast needed training and 
experience in laboratory technic and he set him to making mineralogical 
analyses. When Wohler worked hurriedly and with less care than 
Berzelius deemed desirable, the latter would remark, ‘‘Doktor, das war 
schnell aber schlecht.”! Evidently these admonitions bore fruit, for * 
Hofmann years later said of Wohler that he was ‘‘calm and deliberate, 
entering upon a fresh problem after full reflection, guarding himself 
against each rash conclusion, and, only after the most rigorous testing, 
by which every chance of error seemed to be excluded, giving expression 
to his opinion.” 

Before Wohler left Stockholm he had already begun the study of the 
cyanates which led to his meeting and life-long friendship with Liebig 
and to the classical synthesis of urea. ‘That synthesis has largely 


1“Doctor, that was quick but bad.” 


ON UNIVERSITY 
BT OF LIBERAL ARTS 


1537 
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overshadowed his other work, so that today there is no general appre- 
ciation of the breadth and extent of his contributions to chemistry. In 
all, Wohler published nearly three hundred papers, and they dealt with 
practically every phase of chemistry known in his day. It is said that 
not a single element which had been discovered preceding or during 
his time was omitted from his studies. 

The joint investigation with Liebig of the benzoyl radical was as 
truly an epoch-making piece of research as the famous synthesis— 
in so far as chemistry itself is concerned. It had not, of course, such 
far-reaching philosophical implications. The preparation of metallic 
aluminum was another of Wohler’s achievements. The plaque re- 
produced on p. 1550 is appropriately cast in that metal. 

Wohler’s personal habits were moderate and he was fond of outdoor 
exercise. ‘These facts, coupled with a naturally vigorous constitution, 
enabled him to maintain a degree of activity which would have exhausted 
-many a less fortunate man. Moreover, chemistry was to him an in- 
tensely interesting hobby—he never looked upon it as work. Liebig 
once wrote to him: ‘“‘How happy art thou in thy work! Thou art like 
the man in the Indian fable who, when he laughed, dropped roses from 
his mouth.” 

But, with all his numerous projects and his absorbing interest in 
research, he also took pleasure in imparting knowledge. Some insight 
into his relationship with his students and their respect and affection 
for him is obtained in the reminiscences by Dr. Edgar Fahs Smith which 
appear on p. 1554, et seq. Surely here was that rare embodiment which 
the educator delights to contemplate as a universal possibility—the 
great teacher and the great investigator in one. 


OR SOME years past Dr. Wm. McPherson has compiled for the 
JOURNAL a list of fellowships in chemistry available at various 
institutions. No claim to absolute completeness is made. ‘The Asso- 
, ciation of American Universities serves as a nucleus 
Fellowships : PAE i 
Aneitiuliie to which are added such data from other institutions 
as are readily available. Each year there have been 
some protests concerning omissions. Accordingly, we hereby serve 
notice that the customary compilation will appear in the January issue. 
Institutions which desire to be included are urged to forward complete 
information to the editorial office immediately. 

















Photo loaned by Frau Ruth Hickel, Géttingen, Germany 
FRIEDRICH WOHLER 
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CONTEMPORARY RECEPTION OF WOHLER’S DISCOVERY OF 
THE SYNTHESIS OF UREA* 


W. H. WarRREN, CLARK UNIVERSITY, WORCESTER, MASSACHUSETTS 


The story of Friedrich Woéhler and his synthesis of urea is familiar to 
every student of organic chemistry, for in their opening lectures teachers 
of this subject usually call particular attention to this discovery as the 
first instance of the artificial formation of a compound produced by the 
animal organism. ‘Then, if the student in turn becomes a teacher, he 
yearly repeats the tale to each new class as it begins the study of perplexing 
formulas, mystifying transformations, and reactions without end. 

This synthesis of urea, published one hundred years ago by Wohler, 
when he was twenty-eight years of age, fully justifies the appearance of 
his name on the front pages of nearly every textbook of organic chemistry. 
Indeed this fact is of more than ordinary significance, otherwise we should 
not on this occasion be recalling the name of Woéhler to do him honor, 
nor should I have the privilege of telling you how his contemporaries re- 
ceived this synthesis which overthrew what most chemists had hitherto 
regarded as a well-established dogma, namely, that compounds produced 
by the plant or animal organism could not be formed by artificial means 
in the laboratory. 

In order that we may have a clear idea of just what Wohler put before 
his contemporaries, I will briefly summarize his paper of 1828,1 a contri- 
bution of only four pages. He begins by referring to an earlier Swedish 
paper written in 1824? in which he does everything but call ‘‘the peculiar 
white crystalline substance’ by the name of urea. In other words, it 
seems to me that 1824, and not 1828, should be taken as the date of W6h- 
ler’s synthesis of urea. Menschutkin* has expressed this opinion in a 
paper published in Russian in 1913 and, unaware of the existence of this 
paper, I recently called attention to the same fact. Yet the paper of 
1828 is usually the only one mentioned. In this Wohler says that he 
has already shown that cyanogen and aqueous ammonia give, among other 


* Read at the Seventy-Sixth Meeting of the American Chemical Society, Swamp- 
scott, Mass., September 11, 1928, in commemoration of the centenary of Wohler’s 
discovery of the synthesis of urea. 

1F. Wohler, ‘The Artificial Formation of Urea,” Pogg. Ann., 12, 253 (1828). 

2, Wohler, “Om nagra féreningar af Cyan,” Kongl. Vetens. Akad. Handl., 1824, 
328; the same translated into German: ‘Ueber Cyan-Verbindungen,’’ Pogg. Ann., 3, 
177 (1825). 

3B. N. Menschutkin, “An Account of the First Organic Synthesis,’ Annals of the 
Polytechnic Institute of St. Petersburg, 20, 289 (1913). 

4W. H. Warren, “The Complete History of Friedrich Wohler’s First Organic 
Synthesis,’ Ber. deut. chem. Ges., 61 (1928), Abt. A, 3; see also E. v. Lippmann, Ber. 
deut. chem. Ges., 61 (1928), Abt. A, 58. 
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things, oxalic acid and a white, crystalline substance, which has proved 
to be identical in every respect with urea. This he calls a remarkable 
fact because it is an instance of the artificial production of an organic 
substance of animal origin from inorganic materials. ‘Then he adds that 
the best way to prepare urea is by the action of ammonium chloride on 
silver cyanate, or ammonia on lead cyanate. In these few words I have 
stated the essential facts of the discovery as given by Wohler. 

In the latter part of this paper Wohler observes that urea and ammonium 
cyanate give identical analytical results. Then he concludes by stating 
that the same thing has been observed in the case of cyanic and fulminic 
acids, as well as in that of ethylene and a liquid hydrocarbon, that is, 
Faraday’s butylene. He does not omit to add, however, that he refrains 
from indulging in any speculations concerning bodies that give the same 
analytical results but possess different properties, since further experiments 
in many similar cases are necessary before general laws can be deduced. 
Wohler is here referring to an entirely different matter, that is, to what 
was soon to be called isomerism. Cohen® says that Berzelius® seemed to 
be far more deeply impressed by the rare example of isomerism, furnished 
by the conversion of ammonium cyanate into urea, than by this much 
quoted synthesis. Other comments upon the synthesis of urea by Ber- 
zelius, which I shall mention elsewhere, seem to cast some doubt upon 
the correctness of such a view. 

The shortness of this paper and the apparent simplicity of the experiment 
described may cause some of us to wonder why this synthesis has been 
considered so important. Like most great discoveries it was not the out- 
come of any preconceived plan. Wohler was greatly surprised by it, for 
he had expected an entirely different result. Those wishing to detract 
from its importance may call the discovery accidental but they must ex- 
plain why another chemist five years before, as I shall show, let the oppor- 
tunity of making this discovery slip through his hands. The truth is 
that Wohler was an unusually keen observer and he has presented us with 
a piece of very careful experimental work. Its importance perhaps is 
not to be gaged so much by the synthesis itself as by the promise it gave 
of a greatly broadened horizon for organic chemistry. Attention was di- 
rected to the possibility of synthesizing other organic compounds and this 
small beginning inaugurated that wonderful era of synthetic organic chem- 
istry which is still in progress. 

Let us now inquire how we should expect the chemists of that day to 
respond to a discovery as unexpected and revolutionary as that announced 
by Wohler. In 1828 the chemical world was no more agreed upon all the 
subjects claiming attention than it is today. So it is reasonable to expect 

5 “Organic Chemistry for Advanced Students,” 1910, p. 9. 
6 Jahresbericht, 14, 282 (1828). 
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that Wohler’s surprising announcement would have given rise to consider- 
able discussion. Berzelius and his followers were firmly convinced that 
an impassable gulf lay between inorganic and organic compounds. ‘The 
great Swedish chemist had emphatically declared that the latter never 
could be made in the laboratory, because they were dependent for their 





Engraving loaned by L. C. Newell 
WOHLER AS A YOUNG MANn 


existence upon the vital force of living organisms. Yet Wohler, the favorite 
disciple of Berzelius, while experimenting in the great master’s laboratory, 
accomplished the impossible and announced it four years later. Just 
what Berzelius had to say about this discovery will be told presently. 
There were some chemists who were not convinced that the synthesis 
of urea had conclusively proved that vital force was not essential for the 
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production of organic compounds. Among the number seems to have 
been Wohler himself, for in a letter? to Berzelius announcing his discovery 
he says: “I must tell you that I can make urea without the use of kid- 
neys, or of any animal, either man or dog. Ammonium cyanate is urea.” 
Then, as if doubting whether this formation of urea wholly disproved the 
idea of the absolute need of vital force, he adds: 


But can this artificial formation of urea be regarded as an example of the produc- 
tion of an organic substance from inorganic materials? It is a striking fact that in order 
to produce cyanic acid (and also ammonia) there must always originally be an organic 
substance, and a natural philosopher might say that the organic part had not disap- 
peared either from the animal charcoal, or from the cyanogen compounds made from 
it, and consequently that it is always capable of giving rise to an organic body. 


Yet those chemists, including Wohler, who were more or less impressed 
by the importance of this objection, seem to have overlooked the fact that 
Scheele® had produced potassium cyanide in 1783 by heating ammonium 
chloride and potassium carbonate not only with carbon but also with 
graphite. 

Not all the chemists of that day, however, were convinced of the abso- 
lute need of vital force for the production of organic compounds. Among 
the number was the famous French chemist, Chevreul. In his textbook? 
he says: 


There exist a large number of substances found only in animals, or plants, which 
can be produced by no chemical procedure known to us at the present time. But to 
regard this distinction as absolute and invariable would be contrary to the spirit of 
science. It would be to declare the uselessness of all attempts having as their object the 
formation of compounds identical, or analogous, to those today regarded as peculiar to 


organized beings. 


Consequently, Chevreul regarded it as incorrect to suppose that life, or 
vital force, alone can produce compounds absolutely distinct from inorganic 
compounds. In the same year (1824) in which the second edition of 
Chevreul’s book appeared, Wohler artificially prepared oxalic acid and 
urea from cyanogen, and four years later announced the artificial formation 
of the latter from these materials. Chemists like Chevreul hailed this 
achievement of Wohler with joy, for they realized that a new era had 
dawned. ‘The meaning to them of the synthesis of urea was that other 
organic compounds could also be made in the laboratory and it was not 
long before their prediction came true. 

The discovery made by Wohler ought, it might seem, to have brought 
forth many expressions of opinion from his contemporaries. Yet it does 


7 O. Wallach, “Briefwechsel zwischen J. Berzelius und F. Wohler,’’ Leipzig, vol. 1, 
208 (1901). 

8 C. Graebe, ‘History of Organic Chemistry,” Berlin, vol. 1, 55 (1920). 

9 Ibid., p. 34. 
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not appear to have done so. Little mention of the urea synthesis is to be 
found in the journals and these few references are often found where least 
expected. On the other hand, personal letters furnish much valuable 
information. Wohler certainly received many congratulatory letters from 
his colleagues and others. If all these letters could be examined, they 
would probably be found to contain many items of interest. With few 
exceptions, however, they are not available. Yet, when the nature of 
Wohler’s achievement is taken into consideration, it is not difficult to under- 
stand why so little mention of it was made. He did not propose a new 
theory for his contemporaries to support or oppose. Wo6ohler was not a 
theorist but an intensely practical man. When he found that urea was 
produced instead of the expected ammonium cyanate, he had a fine chance 
to speculate about the existence of two bodies having the same compo- 
sition but different properties. Yet he concluded his paper with the re- 
mark that he should refrain from indulging in speculations so naturally 
suggested by these facts. Strange as it may seem, it is probably true 
that Wohler preferred practice to theory largely on account of the atti- 
tude of Berzelius, the originator and stubborn defender of the electro- 
chemical theory. As evidence that Berzelius set practice above theory 
may be cited his displeasure when Liebig gave too free rein to what the 
great master regarded as extravagant theorizing.'!° But whatever be the 
explanation, certain it is that Wohler was a finder of facts and not a weaver 
of theories. Having found a fact, he submitted it to every possible test 
before putting it into print. As a result, whatever he published was cor- 
rect and not subject to revision. His synthesis of urea was a fact which 
could be verified by repeating his experiment. It admitted of no difference 
of opinion. Had a contemporary written a paper about Wohler’s dis- 
covery, it would of necessity have been a eulogy. Needless to say, such 
papers rarely, if ever, appear in chemical journals. This explains, I think, 
why so little is to be found in the literature about the synthesis of urea. 
In our search for contemporary opinion, we naturally turn first to Wéh- 
ler’s teachers to learn what their estimate of his achievement was. Under 
Leopold Gmelin and Berzelius, Wohler received the best chemical instruc- 
tion of his day. What these two teachers thought of their former pupil’s 
synthesis of urea would be interesting. In his exhaustive textbook Gmelin 
says very little on the subject nor, so far as I am aware, does he refer to 
the matter in any of his scientific papers. Gmelin must have held Wohler 
in high esteem, for the latter's scientific talents impressed him so favorably 
that he advised his pupil to give up medicine and devote himself to chem- 
istry. Moreover, it was Gmelin’s advice that decided Wé6hler to go to 
Stockholm and study with Berzelius. Finally, when Wohler returned 
0 Justus Carriére, ‘““Berzelius and Liebig; Their Letters from 1831-1845,” 2nd edi- 
tion, Munich, 1898, p. 249. 
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from Sweden, by the advice of Gmelin he was offered a privat-docentship 
at Heidelberg which he did not take. Whatever recognition Wohler re- 
ceived from Gmelin—and it is hardly to be supposed that it was not forth- 
coming—must have come by letter, or possibly by word of mouth, two 
sources of information beyond our reach. 

Berzelius, on the other hand, has left no doubt as to what he thought 
of the synthesis of urea. In his famous textbook'! he says: 


Wohler has made the very remarkable discovery that urea can be artificially formed 
by treating freshly precipitated silver cyanate with a solution of ammonium chloride. 
This silver salt is converted into silver chloride and urea is obtained instead of ammonium 
cyanate which should be formed. Urea is also formed when lead cyanate is treated 
with ammonium hydroxide. 


He has also led some chemists to infer that he attached more importance 
to the example of isomerism offered by the urea synthesis than to the 
synthesis itself by making the following comments: 


This is a very remarkable transformation. We are here dealing with a substance 
having exactly the same composition asa salt. Yet it is no salt, for it is not decomposed 
by bases, acids, or salts, as it should be if it were a salt. On the contrary, it has all the 
properties of an organic compound atom of the first order and combines partly with acids 
and partly with bases. This is an example, therefore, that shows how compounds, con- 
taining the same relative number of atoms of the elements, can differ in their chemical 
properties, because of the different relation of the simple atoms to one another in a com- 


pound atom. 


Berzelius gave prominence to the synthesis of urea not only in his text- 
book but he also referred to it in his Jahreshericht'® in these words: 


Beyond all question one of the most unexpected and therefore most interesting 
discoveries in the field of animal chemistry is the artificial production of urea. This 
discovery was made by Wohler who found that the treatment of silver cyanate with am- 
monium chloride solution, or of lead cyanate with ammonium hydroxide, led to the 
formation not of ammonium cyanate but of a crystalline substance which in all its 
properties differed in no wise from pure urea, and which therefore 7s urea. 


The power of Berzelius’ name and the wide circulation of his texthook 
and Jahresbericht leave no room for doubt that Wohler’s contemporaries 
held his scientific ability in high esteem. 

In 1823 Wohler wrote his first letter to Berzelius and the correspondence 
thus begun ended only with the latter’s death in 1848. Replying to 
Wohler’s letter, telling him of the discovery of artificial urea, Berzelius'® 


says: 

11 J. J. Berzelius, “Textbook of Chemistry,” 1831. Translated from Swedish into 
German by F. Wohler, vol. 4, Part I, 356. 

12 Ninth year, p. 266 (1831). 

130, Wallach, “Correspondence between J. Berzelius and F. Wohler,” Leipzig, 
vol. 1, 208 (1901). 
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Like precious gems, aluminum and artificial urea—two very different things com- 
ing so close together—have been woven into your laurel wreath You have 
certainly made an important and magnificent discovery and I cannot find words to de- 
scribe my pleasure at learning about it. It is quite remarkable how the salt-like char- 
acter completely vanishes when the acid and ammonia combine. Future theories 
will certainly find this a very illuminating fact. 


Another letter from Berzelius,'* containing an interesting reference to 
the urea synthesis, should not be passed over. It was occasioned by the 
following circumstance. In 1830 Wohler analyzed a certain lead ore from 
Mexico, the results of which caused him to suspect the presence of an 
unknown substance. Illness, however, prevented him from completing 
the work. Meanwhile Sefstrém announced the discovery of vanadium. 
At once Wohler realized that he had just missed discovering this new ele- 
ment himself. Marking a specimen of his material with an interrogation 
mark, he sent it to Berzelius. The latter's reply is quite humorous so 
far as vanadium is concerned, but his commendation of his former pupil's 
recent researches must have allayed in great measure Wohler’s chagrin 
at having missed such a splendid opportunity. ‘This letter runs as follows: 


In reference to the specimen sent by you under an interrogation mark, I will relate 
the following story. In the remote regions of the North there dwells the goddess Vana- 
dis, beautiful and fair. One day there was a knock at her door. The goddess was 
weary and thought she would wait to see if the knock would be repeated, but there was 
no repetition, and whoever it was went away. Curious to see who it could be to whom it 
appeared to be a matter of so little importance whether he was admitted or not, the 
goddess ran to the window to look at the retreating figure. ‘‘Ah!’’ said she to herself, 
‘Gt is that fellow Wo6hler. He deserves his fate for the indifference he showed about 
coming in.’”’” A short time afterward there was another knock at the door, but this time 
so persistent and energetic that the goddess went herself to open it. It was Sefstrém 
who appeared at the threshold, and thus it was that he discovered vanadium. Your 
specimen is, in fact, oxide of vanadium. 


Then Berzelius adds: ‘‘But the chemist who has discovered a way to pro- 
duce an organic body artificially, can well afford to forego all claims to 
the discovery of a new metal.”’ All these quotations from Berzelius clearly 
show what he thought of Wohler’s synthesis of urea and they hardly seem 
to bear out the statement that he attached more importance to the exam- 
ple of isomerism presented by the urea synthesis than he did to the synthesis 
itself. 

Yet, important as he no doubt considered Wohler’s discovery, apparently 
Berzelius did not look upon this formation of urea as a synthesis. This 
is to be inferred from one of his letters wherein he expresses his opinion 
as to the formation of oxalic acid from cyanogen. As translator of Ber- 
zelius’ textbook and Jahresbericht, Wohler now and then wrote for infor- 


14K. Hijelt, “Selections from the Letters of F. Wohler to J. J. Berzelius,” Berlin, 
1884, p. 37. 
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mation about doubtful points and one of these queries was the following :!5 
“You say that oxalic acid cannot be put together fromits elements. Possi- 
bly there might be an objection that it can be formed from cyanogen and 
aqueous ammonia.’’ Wohler no doubt had in mind the formation of oxalic 
acid, which he has himself described in his papers" of 1824 and 1825, and 
evidently he regarded the formation of this acid from cyanogen and am- 
monia as a synthesis. Berzelius,!® however, seems to have been of the 
opposite opinion, as his reply shows: ‘“The passage referred to should read 
that oxalic acid cannot be put together directly from its elements, that is, 
from carbon and oxygen.” Inas muchas urea is also formed from cyanogen 
and ammonia together with oxalic acid, Berzelius could not have regarded 
it as having been synthesized in the sense that it had been put together 
from its elements. If we were to restrict organic synthesis to the narrow 
limits set by Berzelius, we should have few syntheses to talk about, for in 
how many instances are organic compounds made directly from their 
elements? Even living organisms do not so synthesize the organic com- 
pounds they produce. 

Berzelius was not more appreciative of Wohler’s discovery than were 
other chemists of note. In Germany no chemist enjoyed a more intimate 
association with Wohler than did Liebig, then at the beginning of a dis- 
tinguished career. The long correspondence of these two men affords 
many proofs of their mutual respect and admiration. Nor did Liebig 
confine to private correspondence his high opinion of his collaborator’s 
genius. At the meeting in 1837 of the British Association for the Advance- 
ment of Science held in Liverpool, Liebig!’ presented a paper in which he 
says concerning Wohler’s synthesis of urea: ‘“The extraordinary and to 
some extent inexplicable production of urea without the assistance of the 
vital functions, for which we are indebted to Wohler, must be considered 
one of the discoveries with which a new era in science has commenced.” 
Then Liebig points out the significance of this discovery and concludes 
with a comment on the state of organic chemistry in England in these 


words: 


There are many bodies similar to urea, all of which will probably at a future period 
be produced by artificial means; but in order to arrive at this, the final object of in- 


vestigation in organic chemistry, a great deal of labor, and that labor of a combined 
nature, will be required. I am certain that this object will be attained. Organic 
chemistry has made its first step and already its field has been extended to a surprising 






15 QO. Wallach, ‘“‘Correspondence between J. Berzelius and F. Wohler,” Leipzig, 


vol. 1, 449 (1901); also p. 454. 

16. Wohler, Kongl. Vetens. Akad. Hand., 1824, 328; and Pogg. Ann., 3, 177 
(1825). 
17 Justus Liebig, ‘On the Products of the Decomposition of Uric Acid,” Notes and 
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degree. We meet every day with new and unexpected discoveries. It is, however, 
remarkable that in the country in which I now am, whose hospitality I shall never cease 
to remember, organic chemistry is only commencing to take root. 


Hofmann,'* who, as a pupil of Liebig, met Wohler in the Giessen labora- 
tory and probably more than once heard his synthesis of urea talked over, 
throws further light upon contemporary opinion when he says in his obitu- 
ary of Wohler: 

This synthesis of urea is in the true sense of the word an epoch-making discovery. 
With it was opened to investigation a new field of which chemists did not hesitate to 
take possession. The present generation, which daily reaps rich harvest on this field 
conquered for it by Wohler, can transport itself only with difficulty to those remote 
times when the formation of an organic compound in the body of the plant or animal 
seemed to be brought about in a mysterious manner by the vital force, and it is able 
therefore hardly to realize the sensation produced upon their minds by the building up 
of urea from its elements. 


Chemists actively engaged in research in 1828 seem to have been notably 
abundant in France. The names of Gay-Lussac, Dumas, Thénard, 
Laurent, Chevreul, and others at once come to mind in connection with 
that period. Most eminent undoubtedly was Gay-Lussac who was closely 
associated with Wohler’s synthesis of urea. To say that he was the original 
cause of this synthesis may be no exaggeration, for his discovery of cyano- 
gen'® in 1815 was the beginning of a number of researches upon cyanogen 
compounds that engaged the attention of chemists in France and else- 
where. Apparently Gay-Lussac wrote nothing about the synthesis of 
urea, but Pelouze, his former pupil and assistant, in a letter to Liebig ex- 
presses the opinion French chemists in general had of Woéhler. In writing 
to Wohler about this letter, Liebig?® says: ‘‘Parisians are wild over our 
benzoyl paper.’’ Pelouze writes: “In Paris the chemical world talks of 
nothing but your researches. Come here with Wohler and receive the 
tribute of honor you have justly earned. Kindly give my compliments 
to your friend Wohler and express to him my very great admiration.” 

Another chemist high in the annals of French chemical research was 
Dumas. In one of his papers”! he writes as follows about the synthesis 
of urea: ‘‘All chemists have applauded the brilliant discovery by Wohler 
of the artificial formation of urea.”” And in 1882 Dumas” informed the 


18 A. W. Hofmann, ‘In Memory of Friedrich Wohler,”’ Ber. deut. chem. Ges., 15, 
3127 (1882). 

19 J. L. Gay-Lussac, ‘Researches upon Prussic Acid,’’ Ann. Chim. Phys., 1st Ser., 
95, 136 (1815). 

20 A. W. Hofmann, ‘Correspondence of J. Liebig and F. Wohler from 1829-1873,” 
Braunschweig, vol. 1, 75 (2888). 

21 J. B. Dumas, ‘On the Composition of Urea,” Ann. Chim. Phys., 2nd Ser., 44, 
273 (1830). 

22 Compt. rend., 95, 571 (1882). 
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French Academy of the great loss they had sustained by the death of their 
illustrious foreign associate Wohler in these words: 


His contemporaries have not forgotten the universal astonishment produced by the 
unexpected discovery which enabled him by purely chemical methods to prepare ar- 
tificial urea, the most highly nitrogenized of animal substances. Since that time other 
transformations, or combinations, giving rise to substances hitherto met with only in 
animals or plants, have been brought about. Yet the artificial formation of urea still 
remains the neatest and most elegant example of creations of this kind. 


Dumas then concludes with these personal remarks: 


The Academy will pardon me for indulging in a very personal recollection. W6hler 
and I were born in 1800. I was his senior by a few days. We both entered upon our 
scientific careers at the same time and for more than sixty years everything, as Wohler 














Photo from the medal loaned by Frau Ruth Hiickel, Géttingen, Germany 
MEDAL PRESENTED TO WOHLER ON His 80TH BIRTHDAY 


recalled to my mind on a recent occasion, contributed to make closer these ties of 
brotherhood. 


In 1838 Pelouze?* made a most interesting reference to Wohler’s synthesis 
of urea. This is in connection with a paper on the action of water on 
cyanogen published in 1818 by Vauquelin.** As a result of this experi- 
ment, Vauquelin could not have avoided forming urea, for five years later 
(1823) Wohler prepared urea in this way in Berzelius’ laboratory, desig- 
nating it as a peculiar crystalline compound in a paper published in 1824, 
which I have called the true date of the urea synthesis, in the Proceedings 
of the Swedish Academy. Pelouze refers to Vauquelin’s failure to recog- 
nize urea in these words: 

23 Pelouze and Richardson, ‘Researches on the Products of the Decomposition 


ot Cyanogen in Water,’”’ Ann. Chem. Pharm., 26, 63 (1838). 
24M. Vauquelin, ‘(On Cyanogen and Hydrocyanic Acid,’’ Ann. Chim. Phys., 9, 


144 (1818). 
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Had Vauquelin followed up the investigation he began on the action of water on 
cyanogen, probably he would have been the first to make the wonderful discovery made 
by Wohler five years later of the artificial formation of an animal product. But the 
small quantity of material at his disposal did not permit him to make a complete analysis 
and he never returned to the subject again. 


Apparently Pelouze also looked upon 1824 and not 1828 as the date of 
the synthesis of urea. 





Photo loaned by Frau Ruth Hiickel, Gottingen, Germany 
WOHLER IN LATER LIFE 


Although Vauquelin’s failure to recognize urea reflects no particular 
discredit upon him, it does perhaps make Wohler’s success the more note- 
worthy. In this connection it may not be out of place to include another 
hitherto unmentioned case where urea was overlooked. In 1812 John 
Davy” prepared phosgene from chlorine and carbon monoxide. De- 
scribing the behavior of the new gas with ammonia, Davy says: “‘Mixed 


2% John Davy, “On a Gaseous Compound of Carbonic Oxide and Chlorine,” Phil. 
Trans., Royal Soc., London, 104, 144 (1812). 
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with ammoniacal gas, a rapid condensation took place, a white salt was 
formed, and much heat was produced.” It was Davy’s belief that only 
one compound had been formed by the union of the two gases. The large 
volume of ammonia combining with one volume of phosgene greatly sur- 
prised him, for he adds: ‘‘I have ascertained by repeated trials, both syn- 


METAL PLAQUE OF F. WOHLER 
The origin of this plaque is unknown to us. It was the property of Dr. Ira 
Remsen, who presented it to Mr. William Henry Stewart. It is reproduced here 
through the courtesy of Mr. Stewart. 


thetical and analytical, that the gas condenses four times its volume of the 
volatile alkali, and I have not been able to combine it with a smaller pro- 
portion.”” Had Davy investigated the product of this reaction as care- 
fully as he did the combining proportion of the two gases, he might have 
discovered artificial urea by a method quite different from Wohler’s and 
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by one free from the objection that materials of organic origin had been 
used. One volume of phosgene does combine with four volumes of am- 
monia, as Davy found, forming urea (1 mole) and ammonium chloride 
(2 moles). Urea was synthesized in 1856 by Natanson® in this manner 
but he does not refer to Davy’s early experiment. Moreover in a letter 
to Berzelius in 1832, in which he speaks of his experimental plans with 
Wohler, Liebig?’ says: ‘“‘We hope to produce urea by uniting phosgene 
with ammonia, thereby establishing it as an amide.’”’ Thus Wohler and 
Liebig long before Natanson’s synthesis of urea from phosgene and am- 
monia had in mind the possibility of making it in this way, but I have been 
unable to find any record of their having actually performed the experi- 
ment. 

Liebig, it will be recalled, told the British Association for the Advance- 
ment of Science in 1837 with frankness and truth that organic chemistry 
was then only beginning to take root in England. The new science, so 
to speak, was in its swaddling clothes, and therefore to expect to find in 
English chemical literature many references to Wohler’s synthesis of urea 
would not be reasonable. Yet in 1832 at the second meeting of the British 
Association for the Advancement of Science at Oxford, James F. N. John- 
ston,”* who had worked in Berzelius’ laboratory 2ad was then professor 


of chemistry at Durham, presented a lengthy report on the progress of 
chemistry in which he says concerning urea: 


A very interesting discovery lately made by Wohler, is the artificial formation of 
urea, obtained in transparent, colourless, rectangular, four-sided crystals, containing 
the elements of cyanic acid and ammonia, but no ammonia, and possessing all the 
properties of urea. Wohler has since succeeded in forming a cyanate of ammonia 
possessing the characters of a salt. 


If organic chemistry had only just begun in England in 1828, it had not 
made even a beginning in the United States. We were still in the pioneer 
stage of development and the synthesis by an obscure German professor 
of such a substance as urea could hardly be expected to awaken much 
interest. ‘There were few publications in which such a subject could ap- 
pear. ‘he Journal of the Franklin Institute and the American Journal of 
Science (Silliman’s Journal) were in existence, but the former was too 
much occupied with practical matters to afford space for an organic syn- 
thesis and the latter, though giving considerable space to a paper on the 
benzoyl compounds written soon after by Woéhler and Liebig, makes no 


26 J. Natanson, ‘‘On Two New Artificial Methods of Preparing Urea,” Ann. Chem. 
Pharm., 98, 287 (1856). 

27 Justus Carriére, “Letters of Berzelius and Liebig from 1831-1845,” 2nd edition, 
Munich, 1898, p. 47.. 

oe James F. N. Johnston, “Report on the Recent Progress and Present State of 
Chemical Science,’ Report Brit. Assoc. Adv. Sci., 1832, p. 524. 
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mention of the urea synthesis. Reference to it may have been made in 
some early textbook, which I have not seen, but I doubt if it will be found 
elsewhere. As late as the close of the last century I heard a distinguished 
professor of Harvard College refer to the structural formulas of organic 
chemistry as spider-webs in which the enthusiasts of the new science were 
entangled. What wonder then that this country has no printed record 
of interest in Wohler’s urea synthesis, though American chemists here 
and there may have been aware of the fact that this German professor 
had made a very significant discovery. 

Yet, if Wohler’s American contemporaries failed to leave any apprecia- 
tive recognition of his urea synthesis, our later organic chemists have not. 
Of these the name of Ira Remsen is perhaps the most noteworthy. Indi- 
rectly he was closely connected with Wohler, for he was a pupil of Fittig 
who in turn was a pupil and assistant of Wohler. He also translated 
Wohler’s textbook into English. In his obituary of Wohler written in 
1883, Remsen”? says concerning the urea synthesis: 
In 1828 he made the remarkable discovery that ammonium cyanate is transformed 
into urea. It would be difficult to exaggerate the importance of this discovery. Thata 
substance like urea, which up to that time had only been met with as a product of 
processes which take place in the animal body, should be formed in the laboratory out 
of inorganic compounds appeared to chemists then to be little less than a miracle. 
Today such facts are among the commonest of chemistry. The many brilliant syn- 
theses of well-known and valuable organic compounds, which have been made during 
the past twenty years, are results of this discovery of Wohler. 


So far as can be learned from reading personal letters, textbooks, and 
scientific journals, the only possible conclusion therefore is that Wo6hler’s 
contemporaries looked upon his synthesis of urea as a distovery of major 
importance. Otherwise the most eminent chemists of his time would not 
have called it epoch-making, nor in referring to it have used such adjec- 
tives as brilliant, wonderful, remarkable, unexpected, extraordinary, etc. 
But, as has already been pointed out, there was nothing else they could 
say, for they were confronted by a fact that admitted of no difference of 
opinion. Contrasted with more complex syntheses that were to follow, 
the urea synthesis appears extremely simple. But simplicity is usually 
a characteristic of most great discoveries. Far more significant, however, 
than the synthesis itself is the proof it furnished of the fallibility of the 
idea that only living organisms could produce organic compounds; and 
also the encouragement it gave chemists to undertake other syntheses. 
As has so often been said, the synthesis of urea marked the beginning of 
a new era, the fruits of which have been far beyond the wildest dreams of 
the pioneers. For this reason Wohler’s achievement will ever remain 
memorable so long as organic chemists continue to dream and experiment. 


29 Ira Remsen, “Friedrich Wohler,”’ Am. Chem. J., 4, 289 (1882-83). 
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Photo loaned by Dr. F. W. Frerichs 
WOHLER’s CARD CLUB 
(1) Wohler; (2) Weber, who in collaboration with Gauss, invented the 
electro-magnetic telegraph. 





Photo loaned by Dr. F. W. Frerichs 
WOHLER’S CLASS IN CHEMISTRY OF ABOUT 1878 
Wohler is in the second row at the right of the center and Frerichs is on his left. 
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SOME EXPERIENCES OF DR. EDGAR F. SMITH AS A STUDENT 
UNDER WOHLER 


One evening during the meeting of the American Chemical Society held in 
St. Louis, April, 1928, a group of chemists (F. B. Dains, H. N. Elsey, E. E. 
Slosson, and William McPherson) were chatting together in the lobby of Hotel 
Chase, when Dr. Edgar F. Smith happened along and joined the company. 
Ile was in a reminiscent mood and for an hour or so recounted his experi- 
ences as a student under Wohler at Gottingen University. Realizing that 
Dr. Smith was probably the sole surviving member of the group of American 
college professors who had studied under Wohler, one of his listeners (Mc- 
Pherson), on returning to his home, dictated, as nearly as he could recall, Dr. 
Smith’s reminiscences just as he had given them. A few weeks later came 
the sad news of Dr. Smith's death. Thinking that his student experiences at 
Gottingen might be of interest to many other friends of Dr. Smith, it has been 
thought worthwhile to publish an account of them as narrated by him on the 
occasion referred to above. 


First Meeting with Wohler 


“T had been a student at Géttingen University for some weeks before 


I came into contact with Wohler. I had been given the problem of pre- 
paring several pounds of phosphorus trichloride, and to do this I had to 
generate considerable quantities of chlorine, which I did in the ordinary 
way by treating manganese dioxide with hydrochloric acid. After each 
run, it was my custom to take the large flask containing the residues of 
manganese chloride out into the yard and pour the mixture down into a 
sewer. On one occasion when I was bending over pouring out the residues 
and rinsing out the flask, some one tapped me on the shoulder, and look- 
ing up, I saw it was the Geheimrat. He asked me what I was doing. I 
told him about the problem assigned me and that I was pouring out the 
residues preparatory to generating more chlorine. He then asked me 
what the materials had cost me. I replied that I did not have the esti- 
mate at hand. He told me to find out the cost and to consult some one in 
the city connected with a chemical supply store as to whether there was 
not some market for the manganese chloride I was pouring down the sewer. 
I soon found there was such a market, provided the chloride was pure. 
Wohler then asked me to save my residues and purify the manganese 
chloride so that I might get some return for the money I was spending 
for chemicals. Acting upon his instructions, I saved the product, purified 
it, and showed samples of it to Wéhler. He wished to know what evi- 
dence I had for the purity of the compound and particularly whether 
it was free from iron which was likely to be a constituent of the manga- 
nese dioxide I was using. I had to confess that I was not sure of its 
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purity. He then asked me to make definite tests for iron and if I found 
the element present to remove it so that I could guarantee the manganese 
chloride pure. I soon found that iron was present. ‘The problem of re- 
moving this impurity without introducing any other was one that caused 
me considerable thought and study. Finally I hit upon the idea of precipi- 
tating the iron with pure manganese carbonate. This method enabled me 
to obtain c.p. manganese chloride which I sold and in this way received 
sufficient money to pay for the raw chemicals I was using.”’ 


A Christmas Memory 


“Two or three days before Christmas the chemical laboratories in the 
University of Géttingen were nearly deserted. Only a few students re- 
mained. Late in the afternoon, some one began singing ‘Stille Nacht, 
Heilige Nacht.’ One by one the other students in the laboratory gathered 
about the singer and solemnly joined in the song. Soon we noticed that 
the door of the laboratory opened and in walked the old Master. Imme- 
diately he took from his head the black skull cap he was accustomed to 
wear in the laboratories, placed it under his arm, folded his hands, and 
with bowed head stood just inside the door while the song continued. 
When the singing was over the old Master came forward and said, “Thank 
you, gentlemen,’ and withdrew.”’ 


The Final Examination for the Ph.D. Degree 


“My dissertation had been accepted and I was awaiting notice of the 
hour and the day for the final examination. The notice came that I was 
to be examined on a certain Saturday evening at six o'clock. A couple 
of days before the date of the examination I was walking on the streets 
of Géttingen and chanced to meet a young German student, large in stature 
and very imposing, whom | had seen working in the laboratory, although 
he had never deigned to speak to me. On this occasion, however, when 
he met me on the street, he stopped and accosted me. According to the 
custom, I saluted him and waited to hear what he had to say. ‘Herr 
Smith,’ he began, ‘I notice from the bulletin that you are to come up for * 
your final examination for the Ph.D. degree on next Saturday evening. 
‘Yes,’ I replied, ‘I have received notice to this effect.’ ‘Herr Smith,’ 
continued the young German student, ‘do you know how to separate the 
platinum metals from each other?’ I replied I was afraid I did not. The 
German student continued: ‘I have just taken the examination myself. 
The Geheimrat. began by asking me how to separate the metals of the 
platinum group. Unfortunately I knew nothing about it and after floun- 
dering about for some time was told to continue my studies for another 
six months and then to try the examination again.’. ‘Herr Smith,’ con- 
tinued the young student, ‘it will be to your advantage to know how to 
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separate the metals of the platinum group.’ I thanked him profusely, 
we saluted each other and went on our ways. I returned to my room, 
took out of my bookcase a book on Mineral Analysis written by Wohler, 
and began studying the chapter dealing with the separation of the platinum 
metals. There were some twelve pages devoted to this subject, and not 
making much headway and realizing the time was short, I decided that the 
best thing for me to do was to commit these twelve pages to memory. I 
studied late into the night walking back and forth in my room memorizing 
the chapter. In the morning I continued and found that before the hour 
of examination came I could repeat the entire twelve pages word for word. 

“At the hour of examination, appropriately attired in dress suit and 
white gloves, I presented myself and was directed to a seat on the plat- 
form while the professors sat around and asked questions. Near the end 
of the examination, the Geheimrat, who was then old and somewhat feeble, 
straightened himself in his chair and said that he would like to ask the 
Herr Candidate a few questions. After some hesitancy, he began. ‘Herr 
Candidate, will you tell me how you would separate the platinum metals 
from each other?’ I acted a little confused, picked at the ends of my white 
gloves to show my confusion and then, somewhat haltingly at first, but 
becoming more fluent as I proceeded, began to repeat the twelve pages of 
Wohler’s treatise dealing with this subject. I had not gone very far when 
the Geheimrat with an air of great satisfaction thanked me profusely and 
complimented me upon my knowledge of the subject. Thus ended the 
examination in chemistry. 

“There were present at the examination some professors from depart- 
ments other than chemistry and the chairman inquired if any others cared 
to ask me questions. Now the regulations of the University required 
every candidate for the Ph.D. degree to add to his dissertation a brief 
biography or ‘Vita’ written in Latin. It was the general custom for a 
student to pay some one proficient in Latin the sum of $10.00 to translate 
his ‘Vita’ for him. However, I had studied Latin a number of years and 
I wished to save my $10.00, so I sat up all of one night translating my 
biography into Latin. When the chairman of the examining committee 
asked if any one else wished to ask the candidate any questions, a very 
elderly and dignified professor with long white whiskers said that he thought 
he would like to ask a few questions. I had never seen this professor 
before and I did not know what was coming. I observed, however, that 
the bewhiskered professor had three sheets of paper upon which some- 
thing had been written and I soon became aware that these three pages 
were the ones on which I had written my ‘Vita.’ The professor, whom I 
subsequently learned was one of the most.eminent Latin scholars in Europe, 
said ‘Herr Candidate, I notice in your ‘Vita’ that vou use the accusative 
together with the infinitive construction. Can you quote any rule that 
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will justify this?’ I was able to quote such a rule. The professor then 
said, ‘Can you give me the name of any author who used this construction?’ 
I replied ‘Tacitus.’ The professor then asked, ‘Could you by any chance 
quote from Tacitus?’ Fortunately I was able to do so. ‘Ihe professor 
continued, ‘Have you read the Odes of Horace?’ I replied that I had. 
‘Can you quote from the same?’ I was able todoso. ‘The professor con- 
tinued still further, ‘Have you ever read the Ars Poetica?’ I replied 
that I had, recalling with great satisfaction that I had been compelled to 
commit much of it to memory in my youthful days. ‘Can you quote 
from the same?’ I launched forth with great fluency until I was finally 
told that was sufficient. The examination was continued on the next 
Monday morning and the Latin professor was again on hand with his 
questions. Evidently it was rare for him to find any one who had a knowl- 
edge of the language and he wished to make the most of it. I do not think 
I would have been failed, however, because of any lack of knowledge of 
the Latin language.”’ 


The Post-Examination Visit to the Professors 


‘Following the usual custom, a day or two after the examination I made 
my formal call on each of the professors. I was received at Wohler’s 
residence by a servant who told me that he would see if the Master would 
receive me. A little later the servant returned and ushered me up the 
stairs to Wohler’s study where I was cordially received. After some 
formalities W6hler complimented me upon my answer to the question in 
regard to the separation of the platinum metals saying that the answer 
was not only correct but was couched in such perfect language. I re- 
plied that it was not nty language but his that I used; and then related 
to him the story of how I happened to commit this part of his text to 
memory. ‘The Geheimrat took it as a great joke and laughed heartily.”’ 


Wohler’s Interest in Students in Elementary Chemistry 


“T noticed a young lad in the laboratory working week after week on 
qualitative analysis. One day the Master came in and, happening to 
see the lad working rather disconsolately, went over to his desk and asked 
him what he was doing. The student replied that he was trying to work 
out the tests for chromium but that he was not getting good results and 
did not understand the chemistry involved in the results that he was get- 
ting. Wohler then asked him to get out his several beakers and seating 
himself upon the stool in front of the desk, went over the tests one by one 
with the student, spending over an hour in straightening out his difficulties 
and arousing his enthusiasm for the work. This incident made a great 
impression upon me for here was the great Master who had synthesized 
urea, working enthusiastically with the beginner.”’ 
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THE MYSTERY OF LIFE* 


F. G. DonNAN, UNIVERSITY COLLEGE, LONDON, ENGLAND 


During the last forty years the sciences of physics and chemistry have 
made tremendous strides. The physico-chemical world has been analyzed 
into three components: electrons, protons, and the electro-magnetic field 
with its streams of radiant energy. Concurrently with these advances, 
astronomy has progressed to an extent undreamed of forty years ago. 
The distances, sizes, masses, temperatures, and even the constitutions of 
far-distant stars have been ascertained and compared. The evolution of 
the almost inconceivably distant nebulae and their condensation into 
stars and star clusters have been unraveled with a skill and knowledge that 
would have been deemed superhuman a hundred years ago. Amidst the 
vast cosmos thus disclosed to the mind of man, our sun winds its modest 
way, an unimportant star, old in years and approaching death. Once upon 
a time, so the astronomers tell us, its surface was rippled by the gravita- 
tional pull of a passing star, and the ripples becoming waves broke and 
splashed off. Some drops of this glowing spray, held by the sun’s at- 
traction in revolving orbits, cooled down and became the planets of our 
solar system. Our own planet, the Earth, gradually acquired a solid crust. 
Then the water vapor in its atmosphere began to condense, and produced 
oceans, lakes and rivers, as the temperature sank. It is probably at least 
a thousand million years since the Earth acquired a solid crust of rock. 
During that period living beings, plants, and animals have appeared, 
and, as the story of the rocks tells us, have developed by degrees from small 
and lowly ancestors. ‘The last product of this development is the mind of 
man. Whatastrange story! Here on the cool surface of this little planet, 
warmed by the rays of a declining star, stands the small Company of Life. 
One with the green meadows and the flowers, the birds and the fishes and 
the beasts, Man with all his kith and kin counts for but an infinitesimal 
fraction of the surface of the Earth, and yet it is the mind of man that has 
penetrated the Cosmos and discovered the distant stars and nebulae. 
Truly we may say that Life is the great mystery and the study of Life the 
greatest study of all. The understanding of the phenomena of life will 
surely be the crowning glory of science, towards which all our present 
chemical and physical knowledge forms but the preliminary steps. 

Observing the apparent freedom, spontaneity, and indeed waywardness 
of many forms of life, we are at first lost in amazement. Is this thing we 
call life some strange and magical intruder, some source of lawless and 
spontaneous action, some fallen angel from an unknown and inconceivable 


* Read before the British Association for the Advancement of Science, at the Glas- 
gow Meeting, September, 1928. 
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Universe? ‘That is indeed the question we have to examine: and we may 
begin our examination in a general way by inquiring whether living things 
are subject to the laws of energy that apply to the mass phenomena of the 
inanimate world. ‘The first of these laws, known as the law of the con- 
servation of energy, says that work or energy can only be produced at the 
exvense of some other form, and that there are definite rates of equivalence 
or exchange between the appearing and disappearing forms of energy. 
In a closed system we can make up a balance sheet and we find that the 
algebraic sum of the increases and decreases, allowing of course for the 
fixed rates of exchange, is zero. That was one of the great discoveries of 
the nineteenth century. The physiologists have found that living beings 
form no exception to this law. If we put a guinea pig or a man into a 
nutrition calorimeter, measure the work and heat produced and the energy- 
values of the food taken in and the materials given out, we find our balance 
sheet correct. The living being neither destroys nor creates energy. One 
part of the apparent freedom or spontaneity of which I spoke is gone. 
Energy-producing action must be paid for by energy consumed. The 
living being does not break the rules of exchange that govern the markets 
of the non-living and the dead. 

Another great discovery of the nineteenth century, the so-called second 
law of thermodynamics, restricts the direction of energy-transformation. 
Thus a large tank of hot water at an even temperature will not be found 
to cool itself so that the disappearing heat energy appears as the kinetic 
energy of a revolving fly-wheel or as the increased potential energy of a 
raised mass of metal, no other changes of any sort having taken place. 
Such a transformation need not, however, in any way conflict with the 
law of conservation. Uncoérdinated energy in equilibrium, 7. e., of even 
potential, does not spontaneously transform itself into codrdinated energy. 
Now, it would be a discovery of tremendous importance if plants or ani- 
mals were found to be exceptions to this rule. But, so far as is known, 
the facts of biology and physiology seem to show that living beings, just 
like inanimate things, conform to the second law. ‘They do not live and 
act in an environment which is in perfect physical and chemical equili- 
brium. It is the non-equilibrium, the free or available energy, of the en- 
vironment which is the sole source of their life and activity. A steam 
engine moves and does work because the coal and oxygen are not in 
equilibrium, just as an animal lives and acts because its food and oxygen 
are not in equilibrium. As Bayliss has so finely put it, equilibrium is 
death. 

The chief source of life and activity on this planet arises from the fact 
that the cool surface of the earth is constantly bathed in a flood of high 
temperature light. If radiation in thermal equilibrium with the average 
temperature of the earth’s crust were the only radiant energy present, practi- 
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cally all life as we know it would cease, for then the chlorophyl of the 
green plants would cease to assimilate carbonic acid and convert it into 
sugar and starch. The photo-chemical assimilation of the green plant 
is a fact of supreme importance in the economy of life. This transfor- 
mation of carbonic acid and water into starch and oxygen represents an 
increase of free energy, since the starch and oxygen tend naturally to react 
together and give carbonic acid and water. Such an increase in free 
energy would be impossible if there existed no compensating running- 
down or degradation of energy. But this running-down or fall in potential 
is provided by the difference in temperature between the surface of the 
sun and the surface of the earth, a difference of some five or six thousand 
degrees. All living things live and act by utilizing some form of non- 
equilibrium or free energy in their environment. The living cell acts as an 
energy transformer, running some of the free energy of its environment 
down to a lower level of potential and simultaneously building some up to 
a higher level or potential. The nitrifying bacteria investigated by Wino- 
gradsky, and recently by Meyerhof, utilize the free energy of ammonia 
plus oxygen. By burning the ammonia to nitrous or nitric acid they are 
enabled to assimilate carbonic acid and convert it into sugar or protein. 
Other bacteria utilize the free energy of sulfuretted hydrogen plus oxygen. 
Anaerobic bacteria utilize the free energy available when complex organic 
compounds pass into simpler chemical compounds. 

The close study of these energy exchanges and transformations is be- 
coming a very important branch of cellular physiology and in the hands 
of Warburg and Meyerhof in Germany, and of A. V. Hill in England, to 
mention only a few eminent names, has already yielded results of the 
greatest value and importance. It would be a great thing if one of these 
investigators were to find a case where the second law of thermodynamics 
broke down. Up to the present, however, it appears that all these energy 
transformations of the living cell conform with the second law as it applies 
to the inanimate world. ‘Thus another part of the apparent freedom or 
spontaneity of life, of which I spoke before, disappears. A living being 
is not a magical source of free energy or spontaneous action. Its life and 
activity are ruled and controlled by the amount and nature of the free 
energy, the physical or chemical non-equilibrium, in its immediate en- 
vironment, and it lives and acts by virtue of this. The cells of a human 
brain continue to act because the blood stream brings to them chemical 
free energy in the form of sugar and oxygen. Stop the stream for a second 
and consciousness vanishes. Without that sugar and oxygen there could 
be no thought, no sweet sonnets of a Shakespeare, no joy, and no sorrow. 

To say, however, that the tide of life ebbs and flows within the limits 
fixed by the laws of energy, and that living beings are in this respect no 
higher and no lower than the dead things around us, is not to resolve the 
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mystery. Consider for a moment a few of the phenomena exhibited by 
living things—the fertilization of the ovum, the growth of the embryo, 
the growth of the complete individual, the harmonious organization of the 
individual, the phenomena of inheritance, of memory, of adaptation, of 
evolution. Viewing these phenomena in the light of the facts known to 
physics and chemistry it is little wonder that some modern philosophers 
have followed in the steps of certain older ones and seen in the phenomena 
of life the operation of some strange and unknown vital force, some ‘‘en- 
telechy,’’ some expanding vital impulse; or at least some new and undis- 
covered form of ‘‘biotic’”’ or ‘‘nervous”’ energy. It is difficult to resist the 
comparison of the developing embryo with the building of a house to the 
plans of an invisible architect. Growth and development seem to proceed 
on a definite plan and apparently purposeful adaptation confronts us at 
many stages of life. 

How can the differential equations of physics or the laws of physical 
chemistry attempt.to explain or to describe such strange and apparently 
marvelous phenomena? ‘The answer to this question was given more 
than fifty years ago by the great French physiologist, Claude Bernard. 
We must patiently proceed, he said, by the method of general physiology. 
This is the fundamental biological science toward which all others con- 
verge. Its method consists in determining the elementary conditions of 
the phenomena of life. We must decompose or analyze the great mass 
phenomena of life into their elementary unit or constituent phenomena. 
That was the answer given by Claude Bernard. It is worthy of a Newton 
or an Einstein. It sounded the clarion note of a new era of biological 
science. ‘Today, general physiology in its application of physics, chem- 
istry, and physical chemistry to the operations of the living cell is the 
fundamental science of life. Patiently pursued, step by step it is begin- 
ning to unravel the mystery. The late Professor Bayliss was one of the 
greatest of the pioneer successors of Claude Bernard in England. An- 
other of the greatest ones was Jacques Loeb in America, whose death we 
all so deeply deplore. Although it is always invidious to mention the 
names of living men, it is good to think that in Great Britain today we" 
possess three of the greatest living exponents of general physiology; namely 
Barcroft, Hill, and Hopkins, while in America the great work of Jacques 
Loeb is carried on by distinguished men of the high caliber of Lawrence 
Henderson, Osterhout, and van Slyke. In Germany we have such eminent 
names as Meyerhof, Warburg, Bechhold, and Héber, to mention only a few. 
What are these men attempting? Just what Claude Bernard set out in his 
program; namely by a patient, exact, and quantitative application of the 
facts and laws of physics and chemistry to the elementary phenomena of 
life, gradually to arrive at a synthesis and understanding of the whole. 
That was precisely how Newton was able to determine the motions of celes- 
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tial objects, namely by going back to the elementary or fundamental law of 
gravitation. 

Through fine analysis to synthesis is indeed the only truly scientific 
method. I do not mean that general physiology in the pursuit of its 
studies will not discover many things as yet unknown to us. The future 
findings of this science may be as strange to the investigators of today 
as the relativity theory of Einstein and Minkowsky was to the physicists 
of a few years ago. What I do mean is that the future discoveries and 
explanations of general physiology will be continuous and homologous 
with the science of today. Should indeed a new form of energy, ‘“‘a 
vitalistic nervous energy”’ be discovered, as predicted by the eminent 
Italian philosopher, Eugenio Rignano, it will be no twilight will-o’-the- 
wisp, no elusive entelechy or shadowy vital impulse, but an addition to 
our knowledge of a character permitting of exact measurement and of 
exact expression by means of mathematical equations. 

To give you the barest outline of the progress made by general physiol- 
ogy since the death of Claude Bernard fifty years ago (his statue together 
with that of Marcellin Berthelot stands in front of the Collége de France), 
would require at least a hundred lectures and the encyclopedic knowledge 
of a Bayliss. Permit me, however, to mention one or two examples and 
those with all brevity. The chemistry and energy changes of muscle cells 
have been discovered recently by Meyerhof in Germany and by A. V. Hill 
and others in England. When the muscle tissue contracts and does work, 
it derives the necessary free energy, not from oxidation, which is not quick 
enough, but from the rapid exothermic conversion of the carbohydrate 
glycogen into lactic acid. When the fatigued muscle recovers, it re- 
charges its store of free energy; that is to say, by oxidizing or burning some 
of the carbohydrate, it reconverts the lactic acid into glycogen. Thus in 
the recovery stage we have the coupled reactions of exothermic oxidation 
of carbohydrate and endothermic conversion of lactic acid into glycogen. 
Everything proceeds according to the laws of physics and chemistry. The 
story of this mode of action and recovery of the muscle cells forms one of 
the most fascinating chapters of modern science. Here we see one of the 
elementary phenomena of life already to a great extent analyzed and 
elucidated. How this wouid have rejoiced the heart of Claude Bernard! 
This is one of the examples which I wished to mention. 

Another is what I may call the blood equilibrium. The red blood cells 
are enclosed in a membrane which does not allow the hemoglobin to 
escape and only permits of the passage of inorganic anions, though water 
and oxygen can pass freely in and out. Between the red cells and the 
external blood plasma in which they are submerged there exists a whole 
series of delicate exchange equilibria, such as water or osmotic equi- 
librium, ion-distribution equilibria, etc. The entrance of oxygen, which 
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combines with the hemoglobin, converts it into a stronger acid and ejects 
carbonic acid from the bicarbonate ions within the cell. Any disturbance 
of one of these equilibria produces compensating changes in the others. 
The whole series of equilibria can be written down in a set of precise 
mathematical equations. Thus two of the most important elementary 
phenomena of many forms of life, namely respiration and the exchanges 
of the red blood cells, have been analyzed, subjected to exact measure- 
ment, and described by exact mathematical equations. The laws of 
physics and chemistry have again been found to hold good. ‘The beauti- 
ful story of this blood equilibrium we owe to the labors of many distin- 
guished physiologists, but chiefly to Lawrence Henderson and van Slyke 
in America, and A. V. Hill and Barcroft in England. ‘That is the second 
example I wished to mention. ‘These two will suffice for my present 
purpose. 

What is the lesson to be drawn from them? No less than that the 
elementary phenomena of life are deterministic, that is to say, that events 
compensate or succeed each other just as in the physico-chemical world of 
inanimate things, and that their compensations and successions can be 
exactly measured and expressed in the form of precise mathematical 
equations. Determinism exists just as much or, if you please, just as 
little, in the elementary phenomena of the living as in those of the non- 
living systems familiar to physics and chemistry. Claude Bernard main- 
tained that this was so. ‘lo the imperishable luster of his name be it said 
that fifty years of exact research have borne witness to the truth of his 
faith. Please do not misunderstand me here. True science should have 
no dogmas. It would have been a wonderful and a fine thing if recent 
research in general physiology had led to a non-deterministic sequence of 
phenomena in the elementary condition of life. During the last fifteen 
years theoretical physics, which has been undergoing a period of unex- 
ampled and daring advance, has dropped many a hint of the existence of 
apparently non-deterministic systems. The audacious springs of the 
electron within the atom, from one energy level to another have often 
appeared to be ruled by considerations of relative probability rather than‘ 
by any exact determinism in the ordinary sense of this word. But we 
cannot as vet be sure of anything in modern theoretical physics. The feet 
of the young men are too swift upon the hills. Just as we now hear little 
of the jumping frog of Calaveras County, so modern wave mechanics has 
rather overwhelmed the discontinuously jumping electron, and seems to 
offer more promise of determinism than did that uneasy ghost. Thus, 
determinism, in the rigorous sense of the term, is no infallible dogma of 
science. It would not be surprising if it did not exist in the minute phe- 
nomena of the world, since the apparent determinism of events on a greater 
scale is often only the result of a very high degree of statistical probability. 
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Be that as it may, the investigations of general physiology, so far pursued, 
indicate that the elementary phenomena of life are quite as fully determin- 
istic as phenomena on a corresponding scale of magnitude in the inanimate 
physico-chemical world. 

Let us now make the daring supposition that general physiology, follow- 
ing the lead of Claude Bernard, has eventually succeeded in quantitatively 
analyzing every side and every aspect of the elementary condition of life. 
Would such a supposedly complete and quantitative analysis give us a 
synthesis of life? ‘That is one of the most fundamental and most difficult 
questions of biological science. A living being is a dynamically organized 
individual, all the parts of which work harmoniously together for the well- 
being of the whole organism. ‘The whole appears to us as something es- 
sentially greater than the sum total of its parts. This aspect of the living 
individual was fully recognized by Claude Bernard. It has been empha- 
sized recently by General Smuts in his remarkable book on Holism and 
Evolution. Life, as seen by General Smuts, is constantly engaged in 
developing wholes, that is to say, organized individualities. We may 
indeed learn how the regulative and integrating action of the nervous 
svstem, so beautifully and thoroughly investigated by that great physi- 
ologist, Sir Charles Sherrington, serves to organize and unite together in 
a harmonious whole the varied activities of a complex multicellular animal. 
We may learn, too, how those chemical substances, the hormones, dis- 
covered by Bayliss and Starling, are secreted by the ductless glands and, 
circulating in the milieu interieur of an animal, act as powerful means for 
harmoniously regulating and controlling the growth and other activities 
of the various organs and tissues. 

Nevertheless, in spite of these great discoveries, the harmonious and 
dynamic correlation of the various organs and tissues of a living organism 
ever confronts us as one of the great mysteries of life. In an inanimate 
physico-chemical system we think, if we know the situations, modes of 
action and inter-relations of the component parts, whether particles or 
waves (or both), together with the boundary conditions of the system, 
that we have effected a complete synthesis of the whole. ‘Though very 
crudely expressed, some such view as that lies at the basis of the New- 
tonian philosophy which rules our thought in the inanimate physico- 
chemical world. Is the organized dynamical unity of a living organism 
something fundamentally new and different? Confronted by a problem 
of this order of difficulty, it behooves us to be patient and to await the 
future progress of scientific research. Perhaps if we could actually wit- 
ness and follow out the varied motions and activities of a single complex 
chemical molecule in a reacting medium we might find something not 
so very different from life. Or perhaps the organic unity of a living 
organism requires for its understanding some such explosion of human 
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thought and inspiration as that which occurred when Einstein and Min- 
kowsky discovered the true relations of what we call space and time. We 
may, however, be sure of this: the understanding, when it comes, will 
consist in something that permits of exact measurement and of precise ex- 
pression in mathematical form, even though for the latter purpose a new 
form of mathematics may have to be invented. 

Leibnitz once remarked that ‘‘the machines of nature, that is to say, 
living bodies, are still machines in their smallest parts ad infinitum.” 
Anatomy and histology have progressively disclosed the structure of living 
things. Histology has revealed to us the cell with its nucleus and cyto- 
plasm as the apparently fundamental unit of all organs and tissues. What 
is contained within the membrane of a living cell? Here we approach the 
inner citadel of the mystery of life. If we can analyze and understand 
this, then the first great problem—perhaps the only real problem—of 
general physiology will have been solved. The study of the nature and 
behavior of the living cell and of unicellular organisms is the true task of 
biology to-day. 

The living cell contains a system known as protoplasm, though as yet 
no one can define what protoplasm is. One of the fundamental compo- 
nents of this system is the class of chemical substances known as proteins, 
and each type of cell in each species of organism contains one or more 
proteins which are peculiar to it. Important components of the proto- 
plasmic system are water and the chlorides, bicarbonates, and phosphates 
of sodium, potassium, and calcium. Other substances are also present, 
especially those mysterious bodies known as enzymes, which catalyze the 
various chemical actions occurring within the cell. Strange to say, the 
living cell contains within itself the seeds of death, namely those so-called 
autolytic enzymes which are capable of hydrolyzing and breaking down the 
protein components of the protoplasm. So long, however, as the cell 
continues to live, these autolytic enzymes do not act. What a strange thing! 
The harpies of death sleep in every unit of our living bodies, but as long as 
life is there their wings are bound and their devouring mouths are closed. 

This protoplasmic system exists in what is known as the colloid state. 
Roughly speaking, this means that it exists as a rather fluid sort of jelly. 
There is something extraordinarily significant in this colloid state of the 
protoplasmic system, though no one as yet can say what it really means. 
Recollecting the statement of Leibnitz, one may be sure that the proto- 
plasmic system of the cell constitutes a wonderful sort of mechanism. 
There must exist some very curious inner structure wherein the protein 
molecules are marshaled and arrayed as long, active mobile chains or 
columns. The molecular army within the cell is ready for quick and or- 
ganized action and is in a state, during life, of constant activity. Oxida- 
tion, assimilation, and the rejection of waste products are always going on, 
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The living cell is constantly exchanging energy and materials with its 
environment. ‘The apparently stationary equilibrium is in reality a ki- 
netic or dynamic equilibrium. But there is a great mystery here. Deprive 
your motor car of petrol or of oxygen, and the engine stops. Yes, but it 
does not die, it does not begin at once to go to pieces. Deprive the living 
cell of oxygen or food and it dies and begins at once to break up. The 
autolytic enzymes begin to hydrolyze and break down the dead protoplasm. 
Why is this? What is cellular death? The atoms and the molecules and 
ions are still there. Meyerhof has showed that the energy content of living 
protein is no greater than that of dead protein. Has some ghostly entelechy 
or vital impulse escaped unobserved? 

Now it is just here, at the very gate between life and death, that the 
English physiologist, A. V. Hill, is on the eve of a discovery of astound- 
ing importance, if indeed he has not already made it. It appears from his 
work on non-medullated nerve cells and on muscle that the organized 
structure of these cells is a chemo-dynamic structure, which requires oxy- 
gen, and therefore oxidation, to preserve it. The organization, the mo- 
lecular structure, is always tending to run down, to approach biochemical 
chaos and disorganization. It requires constant oxidation to preserve 
the peculiar organization or organized molecular structure of a living cell. 
The life machine is therefore totally unlike our ordinary mechanical 
machines. Its structure and organization are not static. They are in 
reality dynamic equilibria, which depend on oxidation for their very 
existence. The living cell is like a battery which is constantly running 
down and which requires constant oxidation to keep it charged. It is 
perhaps a little premature at the present moment to say how far these 
results will prove to be general. Personally, I believe that they are of 
very great importance and generality, and that for the first time in the 
history of science we begin, perhaps as yet a little dimly, to understand 
the difference between life and death and therefore the very meaning of 
life itself. Life is a dynamic molecular organization kept going and 
preserved by oxygen and oxidation. Death is the natural irreversible 
breakdown of this structure, always present and only warded off by the 
structure-preserving action of oxidation. 

The next great problem which I shall venture to consider in this brief 
sketch concerns the origin of life. It might indeed be argued with much 
justice that such considerations are so far beyond the present stage of 
science that they are entirely without value. That, I think, is a bad argu- 
ment and a worse philosophy. But, in any case, a dealer in mysteries is 
entitled to carry on his dealings as far and as best he may. 

There appear to be two schools of thought in speculations of this charac- 
ter. The late Professor Arrhenius supported the theory or doctrine of 
Panspermia, according to which life is as old and as fundamental as in- 
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animate matter. Its germs or spores are supposed, on this view, to be 
scattered through the Universe and to have reached our planet quite 
accidentally. You will remember that Lord Kelvin suggested they were 
carried here on meteorites. But against this idea the objection has been 
urged that meteorites in passing through our atmosphere get exceedingly 
hot through friction with the air. Arrhenius brought forward the very 
ingenious idea that the motion in and distribution through space of these 
germs or spores were caused by the pressure of light, which in the case of 
very minute bodies can overcome the attraction of gravitation, as is often 
seen in the tails of comets. Many objections have been brought against 
this theory of Panspermia. It has been argued that either the cold of 
interstellar space or the ultra-violet light which pervades it would be 
sufficient to kill such living spores. Certainly ultra-violet light is a very 
powerful germicide, though many spores can withstand very low temper- 
ature for long periods of time. Perhaps the chief objection to this doctrine 
of Panspermia is that it is a hopeless one. Not only does it close the door 
to thought and research, but it introduces a permanent dualism into science 
and so prejudges an important philosophical issue. 

If the living has arisen on this planet from what we regard as the non- 
living, then various extremely interesting points arise. It is already pretty 
certain that life originated, if at all, in the primeval ocean, since the in- 
organic salts present in the circulating fluids of animals correspond in 
nature and relative amounts to what we have good reason to believe was 
the composition of the ocean some hundred million years ago. The image 
of Aphrodite rising from the sea is therefore not without scientific justi- 
fication. We have seen that life requires for its existence a certain amount 
of free energy, or non-equilibrium, in the environment. In the early 
atmosphere there was plenty of carbon dioxide, and probably also some 
oxygen, though nothing like so much as at present. Volcanic action would 
provide plenty of oxidizable substances, such, for example, as ammonia or 
sulfuretted hydrogen. 

As we have seen previously, certain bacteria could therefore in all 
probability have lived and assimilated carbon dioxide, producing organic* 
substances such as sugar and proteins. This argument, though very 
interesting from the point of view of Panspermia, has a serious flaw in 
it from the present point of view, since the bodies of these bacteria would 
necessarily contain the complicated organic protein of the protoplasm. 
When the earth cooled down to a temperature compatible with life, it 
is probable that the ocean contained little if any of such organic sub- 
stances or their simpler organic components. ‘There was likewise no 
chlorophyl present to achieve the photo-chemical assimilation of carbon 
dioxide. Hence the necessity of considering how organic substances could 
have arisen by degrees in a primeval ocean originally containing only in- 
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organic constituents. The late Professor Benjamin Moore took up this 
question and endeavored to prove that colloidal iron oxide, in the presence 
of light, moisture, and carbon dioxide could produce formaldehyde, a sub- 
stance from which sugar can be derived. ‘This work of Moore’s has been 
actively taken up and developed by Professor Baly in recent years. He 
has conclusively proved that, in the presence of light, moisture, and carbon 
dioxide, formaldehyde and sugar can be produced at the surface of certain 
colored inorganic compounds, such as nickel carbonate. We may there- 
fore conclude that the production of the necessary organic substances in the 
primeval ocean offers no insuperable obstacle to science. 

But there is still a very great difficulty in the way, a difficulty that was 
pointed out by Professor Japp at a former meeting of the British Asso- 
ciation in Dover. The protein components of the protoplasmic system 
are optically active substances. As is well known, such optically active 
substances, 7. ¢., those which rotate the plane of polarization of plane polar- 
ized light, are molecularly asymmetric and always exist in two forms, a 
dextro-rotatory and a levo-rotatory form. Both these forms possess 
equal energies and so their formations in a chemical reaction are equally 
probable. As a matter of fact, chemical reactions always produce these 
two forms in equal quantities and so the resulting mixture is optically 
inactive. How then did the optically active protein of the first protoplasm 
arise? In spite of many attempts to employ plane or circularly polarized 
light for this purpose chemists have not, so far as I know, succeeded in 
producing an asymmetric synthesis; 7. e., a production of the dextro- or 
levo-rotatory form, starting from optically inactive (that is to say, 
symmetrical) substances. The nut which Professor Japp asked us to 
crack has turned out to be a very hard one, though there is little reason 
to doubt that it will be cracked sooner or later. Even were this accom- 
plished, very formidable difficulties still remain; for we have to imagine 
the production of the dynamically organized and regulated structure of 
living protoplasm. Professor Guye of Geneva has in recent years offered 
some very interesting speculations concerning this difficult problem. Ac- 
cording to the statistical theory of probability, if we wait long enough, 
anything that is possible, no matter how improbable, will happen. All 
the ordinary events of life happen frequently because they are very prob- 
able, while the improbable things happen on an average relatively rarely. 
The celebrated miracle of the ‘“‘typewriting monkeys” may be cited as an 
example. If six monkeys were set before six typewriters and allowed to 
hit the keys at their own sweet will, how long would it be before they 
produced—by mere chance—all the written books in the British Museum? 
It would be a very long, but not an infinitely long time. 

Now the second law of thermodynamics, to the scrutiny of which we 
subjected the phenomena of life, is purely a law of statistical probability. 
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The odds against Mr. Home, the celebrated medium of former days, levi- 
tating without any compensating work or energy effect, are enormously 
heavy. The uncoérdinated energy in and around Mr. Home might indeed 
spontaneously convert a part of itself into the codrdinated energy of Mr. 
Home rising majestically into the air, but the safe odds against that happen- 
ing are simply terrific. ‘The ordinary large scale happenings of the world, 
with which we are so familiar, are simply events where the odds-on are 
gigantically enormous. ‘The coming down of Mr. Home with a bump is an 
event on which we could safely bet, with an assurance of success quite 
unknown in racing or roulette. The theory of probability tells us that there 
always exist fluctuations from the most probable event. In the physico- 
chemical world of atoms, molecules, and waves these fluctuations are 
ordinarily imperceptible, owing to the enormous number of individuals 
concerned. In very small regions of space, however, these fluctuations 
become important and the second law of thermodynamics ceases to run. 
We have seen that the structure of living protoplasm is extraordinarily 
fine and delicate. Do events happen here which are to be classed as mo- 
lecular fluctuations, or even as individual molecular events, rather than as 
the mass probabilities which have led men to formulate the second law? 
Something of that sort was probably in the mind of Helmholtz when he 
doubted the application of this law to the phenomena of life, owing to the 
fineness of the structures involved. The reasoning of Guye bears rather 
on the origin of life. Is the spontaneous birth of a minute living organism, 
he asks, simply a very rare event, an exceedingly improbable fluctuation 
from the average? This is a fascinating point of view, but it possesses one 
drawback. What is there to stabilize and fix this rare event when it 
occurs? Guye has, himself, realized this difficulty, but it may not be an 
insurmountable one. Such rare fluctuations may occasionally cause 
matter and energy to arrive at peculiar critical points where and whence 
the curve of happening, the world space-time line, starts out on a different 
path, and a new adventure arises in the hidden micro-cosmos. 

If life has sprung from the non-living, its earliest forms must have been 
(or must be?) excessively minute. We must look for these, if any where, * 
in those queer things that the bacteriologists call the ‘‘filterable viruses.”’ 
These are living bacteria so exceedingly small that not only are they in- 
visible in the finest microscopes but they pass easily through the minute 
pores of a Pasteur-Chamberland porcelain filter. D’Herelle has recently 
discovered the occurrence in certain bacterial cultures of what he calls the 
“‘bacteriophage.’’ These seem to be excessively minute organisms which 
can hydrolyze certain ordinary bacteria. They constitute an extremely 
fine and filterable ‘‘virus.’’ Quite recently Bechhold and Villa, in the 
Institute for Colloid Research at Frankfurt, have devised a new and in- 
genious method whereby these minute organisms can be rendered visible 
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and measured. ‘The process consists in depositing gold on them, strength- 
ening up these gilded individuals as one enlarges the silver particles in an 
insufficiently exposed negative, and obtaining as end result a sort of metal- 
lic skeleton of the original organism. It appears that the individuals of 
D’Herelle’s bacteriophage are small discs whose diameter lies between 35 
wy and 100 yy. Now the diameter of an ordinary chemical molecule is of 
the order of 1 yy, 7. e., one-millionth of a millimeter. If it be proved beyond 
all doubt that they are really living organisms, then the individuals of 
D’Herelle’s bacteriophage are comparable in size with known colloid 
aggregates of non-living matter. This result gives rise to strange hopes. 
If we can find a complete continuity of dimensions between the living and 
the non-living, is there really any point where we can say that here is life 
and there is no life? That would be a daring and perhaps a dangerous 
theme to dwell on at the present time. But where there is hope there is 
a possibility of research. And who will set a limit to the discoveries that 
are possible to science in the future? 

I hope no reader of this meager sketch of mine will call me a materialist 
or a mechanist. All I have endeavored to show, however briefly and in- 
adequately, is that the sincere and honest men who are advancing science, 
whether in the region of life or death, are those who measure accurately, 
reason logically, and express the results of their measurements in precise 
mathematical form. A hundred or a thousand years from now mathe- 
matics may have developed far beyond the extremest point of our present- 
day concepts. ‘The technic of experimental science at that future date may 
be something undreamed of at the present time. But the advance will be 
continuous, conformal, and homologous with the thought and reasoning of 
today. The mystery of life will still remain. The facts and theories of 
science are ‘more mysterious at the present time than they were in the days 
of Aristotle... Science, truly understood, is not the death, but the birth, of 
mystery, awe, and reverence. 


Warns against Mercury Poisoning from Amalgam Tooth Fillings. Poisoning 
from mercury used in amalgam tooth fillings has become a serious menace, according 
to Dr. Alfred Stock, professor in the Technical High School at Karlsruhe. Dr. Stock 
has conducted investigations and finds that a large percentage of the mercury from 
these fillings is absorbed by the system. ‘The worst offenders are the mercury-copper 
amalgams. 

Unfortunately, people have become careless about the dangers of mercury poisoning, 
and in many walks of life this constitutes a severe menace to health and life itself. 
Dr. Stock urges a return to the earlier caution observed in the handling of this toxic 
substance, and suggests that science should be able to find a substitute for mercury in 


amalgam fillings.—Science Service 
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AN OUTSTANDING HIGH-SCHOOL DEPARTMENT OF 
CHEMISTRY 


W. M. BLANCHARD, DE Pauw UNIVERSITY, GREENCASTLE, INDIANA 


With no thought whatever of suggesting invidious comparison but only 
in the hope of stimulating a deeper interest in the problem of giving our 
boys and girls a challenging introduction to chemistry, the readers of ‘THIS 
JOURNAL are invited to consider the method of instruction and the physical 
equipment provided by Shortridge High School of Indianapolis. 

The head of this department, Frank B. Wade, is a man of long experience 

as a teacher and one who possesses rare skill in exciting and cultivating an 
interest in his subject. He is widely 
known not only as a teacher of un- 
usual ability, but also as a chemist 
and as an expert on precious stones. 
He has represented the Indianapolis 
Section in the Council of the Ameri- 
can Chemical Society, has been 
president of the Indiana Academy 
of Science, and has always taken 
an active part in the annual meet- 
ings of the science teachers of his 
state. He has sent a large number 
of students to our colleges and 
universities; many of them are now 
occupying prominent positions in 
educational institutions and in 
chemical industry. 

A modest presentation of the plan 
by which Professor Wade leads his FRANK B. WADE 
students into the field of chemistry 
follows a brief description of the splendid new laboratory into which he has 
recently moved—a fitting reward for distinguished services of the past, an* 
inspiration to greater efforts now and in the future. 


Equipment 


The new building of Shortridge affords the chemistry department 
more space than has been available in recent years. There are three 
laboratories, each accommodating a maximum of twenty-four pupils at a 
time. ‘This limit is built into the laboratories in several ways so as to 
make almost impossible the crowding of pupils into larger sections than 
those of twenty-four each. Thus a good deal of individual attention can 
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always be given to the pupils. There is a classroom with lecture 
table for demonstration work. In the rear of the room is a depart- 
mental library with separate doors for entrance and exit, to prevent disturb- 
ing classes in the room. Another classroom with small lecture table is 
also available. A large stockroom is built in between two of the labora- 
tories and across the corridor from the lecture rooms. 

The day’s program includes four double periods in chemistry. There 
are four hundred thirty-two individual drawers for apparatus in the three 





Photo by W. W. Bonns, Indianapolis 


ONE oF NEW LABORATORIES WITH ACCOMMODATIONS FOR TWENTY-FourR PupPIiLs 


laboratories; thus it is desirable that the department keep that number 
of pupils as a maximum. 

Alberene stone desk tops and bottle shelves have been specified. In 
addition to the four hundred thirty-two lock drawers there is a sufficient 
number of open drawers at every desk so that apparatus to be used by 
every pupil on occasion are right at hand. Waste-jars convenient to 
every pupil are provided beneath the desks. The sinks are of the 
square type and so located that the pupils will have least lost motion. 
Both d.c. and a. c. current are available for each pupil at his own place. 
Sectional bookcases for notebooks are kept on special shelves near the 
door so that pupils may take their notebooks on entering the room and 
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leave them on going out. Key boards for each section are located near the 
doors. Balances are kept on shelves along the outer walls of the labo- 


ratories. 
Instruction 


The department conducts five double periods per week (eighty-five 
minutes per day) for thirty-eight weeks. This arrangement was obtained 
for all the laboratory science courses of the school through the influence of 
Charles W. Eliot of Harvard University while on a visit to Indianapolis 
many years ago. He was at that time professor of chemistry at Harvard. 


: _ 














Photo by W. W. Bonns, Indianapolis 
CLASSROOM WITH LECTURE TABLE FOR DEMONSTRATION WORK 


The conscious purpose of the department is not to teach chemistry, but 
to try to train boys and girls to use their heads in connection with the study 
of some few of the fundamental facts and laws and theories of general 
inorganic chemistry. 

To this end the beginnings of all the topics, so far as possible, are 
made in the laboratory; classroom discussion and then write-up of the work 
follows. When a particular topic has been covered in this way, the text- 
book and the reference texts are consulted. ‘This is done almost entirely 
in the department and under supervision. A large departmental library 
is kept available to all the pupils and they are taught to use it. Written 
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examination next follows, more as a teaching exercise than as a test. The 
questions are framed to compel the pupils to make use of what they should 
have learned, not to find out whether they have memorized the facts. 
This method is very slow and not much ground can be covered in a year. 
However, what is covered is learned thoroughly and there is not much 
duplication when pupils take beginning college chemistry. ‘Those pupils 
do not have all the newness taken off their college work. ‘The few funda- 
mentals which they do learn in high school can very well stand the review 
of the college course and at the same time the college professor will go more 
deeply into some of the topics. For those who do not go to college the 
discipline of the course as taught is invaluable and they get enough chem- 
istry to have a very good idea of what it has done, is doing, and may be 
expected to do for modern civilization. Most of the topics in the Standard 
Minimum Outline of the American Chemical Society Committee on 
Education are covered. 

The order of treatment of the work is original. At the outset the 
chemistry of “Earth, Air, Fire and Water’ is studied, beginning with the 
action of air on hot metals; then in the rusting of iron the gain in weight 
of the oxidizing metal is noted by the pupils, and they reason out that 
something is taken from the air. ‘The loss of volume of the confined air 
above the rusting iron again gives them an argument that something is 
taken from the air in rusting. A candle is next used and its products on 
burning are caught, studied, and the weight taken to prove gain in weight 
during burning. The human body is next likened to the candle and its 
products seen to be similar (water and carbon dioxide), and the production 
of heat and an elevated temperature in both the case of the candle and that 
of the body is noted. Decaying leaf mould next is studied and the pro- 
duction of heat and carbon dioxide noted. ‘Thus the oxidation of heated 
metals, the rusting of iron, the burning of fuels, and the combustion in the 
body and in decay are all related to the oxygen in the air. 

Oxygen itself is next studied as a natural sequence. Also carbon dioxide 
and monoxide and the properties and uses of these gases are of course con- 
sidered. ‘The air is then further explored and its oxygen removed. Here 
the gas laws and calculations to changed conditions must be taught. The 
residual nitrogen is then studied, followed by the rare gases. 

Water is next taken up and studied as a substance and as a solvent, and 
the laws of solution and the idea of equilibrium in solution are set forth. 
Then decomposition of water (as steam with hot iron, first) is brought about 
(active metals next) and the presence of hydrogen discovered. Quantita- 
tive composition by volume and by weight comes next and the dual char- 
acter of the hydrogen of water is brought out by displacement with sodium, 
followed by displacement of the second portion of the hydrogen with hot 
zine dust acting on the residual sodium hydroxide. 
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As hydrogen was discovered by the pupils in water, it is next prepared in 
quantity and studied. Thus as natural a sequence as possible is used 
throughout rather than a systematic order. The pupil thus proceeds 
always from the known to the unknown. 

Much time is put on the development of the atomic theory from the 
facts of the laws of definite and multiple proportions, and sample cases of 
definite proportions are shown by comparison of accurate analyses made by 
the teachers for every beginning section, using the synthesis of magnesium 
oxide as anexample. The weight composition of water as shown by many 
analyses and syntheses is another case of definite proportions that is used. 








Photo by W. W. Bonns, Indianapolis 
ANALYTICAL BALANCES FOR CHEMISTRY III 


Hydrogen peroxide versus water, carbon dioxide versus the monoxide and 
other cases of multiple proportions are then cited. The atomic theory is 
then offered as an adequate explanation of these sets of facts. The Gay- 
Lussac gas law is next set forth with the case of the volume composition 
of water as a basis. ‘The volume composition of hydrogen chloride and of 
ammonia gas are given as additional material. It is shown that the atomic 
theory does not serve to explain the Gay-Lussac law. The Avogadro 
hypothesis is then offered and shown to be an adequate explanation of the 
gas laws, and use is then made of it to obtain molecular weights and for- 
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mulas. Nouse of formulas is made until the atomic theory and the Avogadro 
hypothesis give adequate basis for them. ‘Thus a real understanding of 
the significance and origin of formulas can be given to the better pupils. 

For many years the department has segregated one or more groups of 
the. twenty-four better pupils after the first semester and put them through 
a more rigorous course in the second semester. It has been found to be 
good both for the brighter ones, who get harder competition, and for the 
weaker ones, who are not discouraged by the speed of the better pupils. 

In the last six weeks of the second semester these brighter pupils are 
given project work in committees of two to four pupils. The committees 
use the library and read up on their topics, then look up experimental work, 
perform it, visit factories or other plants as need may require, and report to 
the class on the complete result of their study. In the last two or three 
weeks some original research of a simple nature is often done by the better 
groups. 

A third semester of chemistry is offered each spring semester to a few 
pupils who have proved to be especially capable and who desire to get 
positions as assistants in commercial laboratories for a year or so to earn 
money to go to college. ‘This Chemistry III course is one in the funda- 
mentals of quantitative analysis. While no qualitative analysis has been 
done by these pupils, it is found that they can readily study the reactions 
employed in the quantitative work as they proceed, and the industrial men 
who employ these boys and girls are a unit in demanding this sort of work. 
The pupils learn to be neat and careful, to wash their glassware clean, to 
be strictly honest in their work, to use the analytical balance rapidly and 
accurately, and to comprehend standard solutions, the use of indicators, 
end-point, and so forth. Acidimetry and alkalimetry are, of course taught 
and some oxidation-reduction reactions are studied. JIodimetry is also 
given. At present there is more demand for good students in local indus- 
trial laboratories than can be supplied. 


Industrial Research Willing to Spend Money. ‘The young research chemist in the 
laboratory of an industrial plant need not fear the displeasure of his chief if he scores a 
blank, or even several of them, in his efforts to find new products or better processes. 

“You will never get into trouble with your directors through conducting unsuccess- 
ful research,’”’ said L. V. Redman, Vice President and Director of Research of the Bake- 
lite Corporation, speaking before the recent American Institute of Chemistry at Evans- 
ton. 

“It is when, after having spent ten thousand dollars, you ask for a hundred thousand 
to take the necessary next step toward industrial exploitation of a bit of research that 
has been successful that you will need real salesmanship. ‘The million that may be 
necessary if the industry is to remain in the vanguard these days of progress through 
research may be no harder to get if the first hundred thousand has been wisely spent.’”’— 


Science Service 
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THE PROCESSES OF COLOR PHOTOGRAPHY. II. SCREEN 
PLATE PROCESSES 


C. E. K. M&xgs, Eastman Kopak Company, ROCHESTER, NEw YORK 


The screen-plate processes of color photography are derived from the 
suggestion of Ducos du Hauron that the surface of a glass plate or film 
might be covered with tiny filters—red, green, and blue—and then coated 
with a color sensitive emulsion. When a photograph is taken through 
the back of the material, that is, through the color filters, the image will 
be cut up into little sections, each one of which will be taken through one 

















ni-green. S-blue. 


FicurE 10.—Diagram Showing Use of Screen Plate. 


of the three filters, and if the filters are small enough, so that they do not 
interfere with the vision of the picture as a whole, they will show a color 
picture. The action of a screen plate is shown in Figure 10 (from drawings 
by E. A. Salt), in which diagram 1 illustrates the use of the plate as a 
whole. In this diagram L is the lens and F a compensating filter placed 
over the lens, by which the greater sensitiveness of the emulsion for blue 
light is corrected, and equal densities are obtained below the three-unit 
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filters. ‘The glass plate itself is shown at A, the color filters are shown 
diagrammatically at B, and the emulsion at C, so that the light from the 
lens after passing through the compensating filter reaches the back of 
the plate and passes through the filter units before it reaches the emulsion. 
In diagram 2, blue light is supposed to fall upon the plate, and, being 
stopped by the red and green filter units, passes only through the blue 
filter units, affecting the emulsion, C. After development we have the 
condition shown in diagram 3, white light now being considered to fall 
upon the plate and to pass through the green and red units and, impeded 
by the unfixed silver bromide, through the emulsion, while the light falling 
upon the blue units is completely stopped by the silver which is developed 
after exposure to blue light. The plate is not fixed after development but 
is reversed by means of a bleaching solution which removes the silver 


FicurE 11.—Enlargement of Line FicurE 12.—Enlargement of Line 
Screen Plate. Screen Image. 


image, the bleaching solution usually being an acid solution of permanga- 
nate. After bleaching, the remaining emulsion is developed and is thus 
blackened under the red and green units, so that, as is shown in diagram 4, 
the light passing through these units is stopped, and only the light passing 
through the blue units is able to traverse the emulsion where the silver 
which was originally developed under those units has been removed by 
the bleaching bath. 

In the earliest attempts to make screen plates, which were made by 
Professor Joly in Dublin, the color units were lines ruled by means of a 
pen containing colored ink. Such a screen looks, when magnified, like 
Figure 11. When a photograph is taken on such a picture, some of the 
lines are blocked out according to the color which is reproduced, and where 
one line is more blocked out than another, a color image is obtained, 
whereas if all the lines are equally blocked out, no color results. An 
enlargement of an image on such a line screen is shown in Figure 12. 
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Following Joly, many other attempts have been made to prepare screen 
plates which might be commercially applied to the production of photo- 
graphs in color. A great many of these attempts stopped, so far as public 
records are concerned, at the stage where they were patented; others have 
progressed to the point where they were publicly announced as being 
ready for the market; still others have actually been sold; while a few, 
a very few, have been sufficiently successful to be made for a considerable 
period. In some types, the screen is prepared to be used with separate 
panchromatic plates, as was the intention of Joly, while others are made 
with the emulsions coated actually on the filter screen. 


Methods of Preparation of the Filter Screen 


1. Ruled Lines.—In addition to the Joly screen, MacDonough, in 
Chicago, tried to produce screens by this process, the lines being ruled 
by special machines using very small ruling wheels, but the screens cost 
too much to produce for commercial success. 

2. Dusting-on Methods.—MacDonough also tried this: he coated 
the surface of a glass plate with a tacky varnish and then dusted on to 
this small colored particles, such as colored gelatins, shellac, or resins. 

Lumiére Autochrome. About 1904 there was issued a French patent 
to the Lumiére Company. ‘This was for separating from potato starch 
the very small grains of the starch, sieving them to pick those of the 
same size and dividing the grains so obtained in three heaps, each of which 
was dyed in one of the primary colors; then mixing the three heaps to- 
together and dusting them on to glass plates covered with a sticky varnish; 
then squashing down the starch grains so that they touched each other all 
over the plate; filling any interstices that might be left with a black powder; 
varnishing ; and then coating the plate with the necessary sensitive emulsion. 
This was accomplished successfully by the Lumiére Company and the plates 
so made were issued as the ““Lumiére autochrome’’ plates, with which most 
of the color photographs known to the public have since been made. 

A photomicrograph of an autochrome plate magnified eighty diameters is 
shown in Figure 13, and one magnified 500 diameters is shown in Figure 14. 
So skilfully are the plates made and so exactly are the colors of the separate 
starch grains, the color sensitiveness of the emulsion, and the color of the 
compensating filter balanced that the process gives excellent results, while 
it is by no means difficult to work, and it has thoroughly deserved the wide 
popularity that it has enjoyed. 

The Agfa Process. ‘The Agfa color plates are similar in their appearance 
to the autochrome plates, but instead of the units being composed of 
starch grains, they are composed of small colloidal particles which after 
dyeing are suspended in a medium from which they can be deposited on to 
the glass. 
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A similar process has been used by the Lignose Company, who have put on 
the market roll film and film packs prepared for making color photographs. 

3. Printing in Bichromated Colloids.—When such colloids as gelatin, 
fish glue, etc., are treated with a solution of bichromate, dried and exposed 
to light, they become insoluble in water. If, then, a glass plate be coated 
with a solution of bichromated fish glue, and the coated plate be exposed 
to light under a black line screen which allows only one-third to be exposed 
at a time, two-thirds being protected by the black lines, and then washed 
in water, one-third of the entire surface will be covered by lines of fish 
glue, which can be dyed. After the dye has been mordanted to prevent its 
running, the plate can be recoated with glue, registered in position on 
the printing screen, and printed so as to get a second glue line which can 
be dyed in the second color, provided that the first line has been protected 


FicurE 13.—Photomicrograph of Auto- FicurEe 14.--Photomicrograph of Auto- 
chrome Plate Magnified 80 Diameters. chrome Plate Magnified 500 Diameters. 


from the action of the dye by coating it with a varnish or otherwise. ‘The 
third line can be printed by exposing the plate through the back, when the 
first two lines will act as a screen for the third, and in this way we can build 
up a three-color line screen. 

This process has been used by several inventors, notably by J. H. 
Powrie, by the Thames Company in England, who put screens on the 
market for a short time, and by the Paget Company, who were successful 
in competing for some years with the Lumiére plates. 

4. Screens Made by Section Cutting.—In Germany, Krayn took 
out a patent for an ingenious process. He took thin sheets of colored 
celluloid of the three primary colors and piled them on top of one another 
so as to get a pile of alternate layers of red, green, and blue. By cutting 
sections down through this pile, sheets of celluloid were obtained made 
up of strips of each of these red, green, and blue layers. In order to get a 
screen made of squares instead of lines, Krayn took a pile of his line screens 
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and stuck them together, and then cut these across again, so that now he 
had one made up of cubes of the different colors. It was, however, very 
difficult to make these screens fine 
enough, and the thickness was also a 
disadvantage (see Figure 15). 
5. Screens Made by Mechanical 
Printing, or a Combination of This 
with Dyeing. This will probably be the 
method by which such screens will be 
made eventually if the screen-plate 
processes ever become of great com- 
mercial importance, but up to the pres- 
ent no really good screens have been 
made in this way. 
A number of other methods are 
possible and have been proposed for FicureE 15.—Photomicrograph of Krayn 
making the screens, but those already Mosaic Screen. 
enumerated are the chief. 


The Requirements of a Screen-Plate Process 


Assuming that a method has been devised for placing units upon a 
glass plate or other support, to form a screen, we must consider the follow- 


ing factors: 
1. The Size of the Units.— For regular screens these should not 
be larger than 1/300th inch, nor smaller than 1/600th inch; for irregular 
grain screens not larger than 1/900th 
inch nor smaller than 1/2000th inch. 
The units for an irregular grain 
screen must be smaller than for regular 
screens because in practice they tend 
to clump together, so that the effective 
unit when examined is much larger than 
the single units (Figure 16). On the 
average, it may be taken that the effec- 
tive unit when looking at an irregular 
grain screen is a clump of ten units, 
so that the diameter must be made 
three times smaller than is absolutely 
Ficure 16.—Photomicrograph Showing "€cessary from the point of view of 
Clumping of Autochrome Particles. invisibility. 
Since the resolving power of the 
emulsion is only just sufficient for use with these small units, if the units 
are much smaller the emulsion will not be able to resolve them and con- 
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sequently correct color rendering will not be obtained. The resolving 
power of the emulsion therefore places a lower limit to the size of the unit 
which can be employed in a screen plate. 

2. The Interstices.—If these exist at all, they must be filled in; 
clear interstices are fatal, even if they occupy only 1/20th of the area of 
the screen plate. 

3. The Colors of the Units.—These must be primary red, green, 
and _ blue-violet. 

4. The Relative Area Occupied by Each Color.—These must be 
adjusted so that the screen as a whole appears neutral. 

5. The Emulsion.—This must be coated on a varnished surface 
to protect the screen units from the moisture. The varnishes must be 
selected so that they will not act upon the emulsion. Turpentine and 
ether, especially the former, are inadmissible as solvents; resin varnishes 
are suspect. 

6. The Sensitizing.—This must be performed so that the actions 
under the red and green filters are equal. 

7. The Compensator.—This must be adjusted so that the photo- 
graphic effect renders grays as grays owing to equality of action through 
all these filters. 


Limitations of Screen-Plate Processes 


Beautiful as are the results obtained by the best of the screen-plate 
processes, these processes have some very marked limitations, especially 
when applied to portraiture. In order to get sufficient resolving power 
with reasonably fine units in the screen, the emulsion has to be coated so 
thinly that the range of gradation which it can render is very limited, and 
only under the most favorable circumstances is it possible for a screen-plate 
color picture to reproduce the gradation both in the highlights and in the 
shadows, so that if a photographer wishes to employ this process, he must 
limit himself to the subjects for which it is suitable. Moreover, the screens 
involve a great loss of light, so that the pictures can be seen only with a 
powerful light behind them, and in as much as they are made by daylight, 
they should be viewed by light similar to daylight, the results by artificial 
light being unsatisfactory. 


Lightning Stroke Electrocutes Tree. A freak stroke of lightning apparently 
electrocuted a large white oak tree in the New York Botanical Garden recently. The 
tree was struck during a thunderstorm, but was not shattered as trees frequently are by 
lightning. Almost immediately, however, the leaves began to wither, and within a 
month the tree presented an autumnal appearance against the bright green of the rest 
of the grove. Continued observation convinced the garden authorities that the tree 
was dead, and that it had apparently died instantaneously. After it was cut down a 
ring count gave its age at approximately 200 years.— Science Service 
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AN OLD COLONIAL MANUSCRIPT VOLUME RELATING TO 
ALCHEMY* 


C. A. BROWNE, BUREAU OF CHEMISTRY AND SOILS, WASHINGTON, D. C. 


Among the many colonial documents relating to the early history of 
alchemy in America, which are preserved in the library of the Massachu- 
setts Historical Society in Boston, there is an ancient manuscript volume of 
folio size written in various handwritings upon paper which is now crum- 
bling to pieces with age. The work comprises a collection of various English 
and Latin tracts upon alchemy, many of them in verse, which belonged 
originally to John Winthrop, Jr., the first Governor of Connecticut, and, 
after passing through various generations of his descendants, was finally do- 
nated to the Massachusetts Historical Society by Robert C. Winthrop in 
1869. This antique volume, which from indications was transcribed some 
time in the second half of the sixteenth century before printed books upon 
alchemy were at all common, might be called almost the Magna Charta of 
chemistry in America. It was brought to this country when most of the 
land within the present borders of the United States was an unsettled 
wilderness and its pages, annotated by the early patrons of chemistry in 
New England, form a visible connecting link between present-day chem- 
istry of America and medieval alchemy of Europe. 

The old Winthrop alchemy manuscript is of English origin and may 
perhaps have once belonged to that famous alchemist and mystic, Dr. 
John Dee, the fourth centenary of whose birth has recently occurred. 
Many of Dee’s books were acquired by John Winthrop, Jr., and some of 
them, copiously inscribed with annotations of the old doctor, can still be 
seen in the Winthrop collection of books owned by the Society Library of 
New York City. It is known that Dr. Dee was a prodigious collector of 
manuscripts upon alchemy and many of these afterward passed into the 
possession of that famous antiquary, Elias Ashmole. The latter no doubt 
used some of these writings in compiling his well-known ‘“Theatrum 
Chemicum Brittanicum,” which is a collection of old English poetical 
treatises upon alchemy, published at London in 1652. Ashmole has in- 
cluded in this compilation the chemical testament of Dr. Dee and in the 
commentary to his work has given an interesting account of Dee’s career 
as an alchemist. 

Several of the alchemistic poems in the Winthrop manuscript folio, such 
as Thomas Norton’s ‘‘Ordinall of Alchemy,”’ the ‘‘Liber Patris Sapientiae,”’ 
and Sir Geo. Ripley’s ‘“Mystery of Alchymists,” are found in Ashmole’s 
“Theatrum Chemicum,’’ although numerous minor differences in spelling 
and words show that variations had crept into the text of these ancient 

* Read before the Section (now Division) of History of Chemistry of the American 
Chemical Society, Baltimore, Md., April 9, 1925. 
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treatises since the time of their composition. ‘The Winthrop folio is indeed 
one of the surviving examples of the large mass of alchemistic manuscripts 
which existed in England before the year 1600. Ashmole writes that he 
consulted no less than fifteen manuscript copies of Norton’s ‘‘Ordinall of 
Alchemy”’ in preparing his edition of the text of this poem. He made 
similar comparisons of texts in the case of other poems, going back in some 
cases to documents written in the fifteenth century, nearly two hundred 
years before Ashmole’s time, the ‘“Streames of Learning,’’ as this old anti- 
quarian states, containing ‘‘the least of mixture nearest the spring-head.” 
We know from Ashmole’s notes what a wealth of old alchemistic manu- 
scripts existed in England three hundred years ago. Yet-he leads us to 
infer that these were only a fragment of the vast number which existed 
previous to the dissolution of the monasteries and the destruction of li- 
braries under Henry VIII. 

There are several alchemistic poems in the Winthrop folio which are 
not contained in Ashmole’s collection. In fact we know from the preface 
or prolegomena of his collection that the part printed was only a first 
volume. ‘More are designed,’ he writes, ‘‘in a Second Part to follow and 
compleate this a full Theatrum; the which, God allowing me further Time 
and Tranquillity to run through it, as I have already this, I intend shortly 
to make ready for the Presse.”’ It is regrettable that Ashmole never pub- 
lished this second volume of his collection for he might have preserved 
there many other interesting specimens of chemical lore which are now lost. 
The volume selected for publication, he writes, ‘‘is sheav’d up from a few 
gleanings in part of our English fields; where though I have bestowed my 
industry to pick up here and there, what I could finde in my way, yet I 
believe there are many other Pieces of this Nature in private hands, which 
if any are pleased (out of the same ingenious score that I have published 
these) to communicate to me, I shall set thereon a value suitable to the 
worth of their Favours and let the World know its Obligation to them 
besides.” 

Ashmole speaks of the beautiful figures and decorations which orna- 
mented some of the vellum manuscripts of the old English alchemists. 
The Winthrop manuscript has very little in the way of embellishments. 
There are two pages of alchemistic diagrams (Figure 1) consisting of double 
circles with a triangle in the center and inscribed with various terms of 
alchemy in Latin to each of which a letter of the alphabet is attached. 
Thus A is Forma; B, Materia; C, Corpus; D, Menstruum; F, Calcinatio; 
F, Solutio; G, Evacuatio; H, Spiritus; J, Argentum vivum exuberatum; 
K, Vas vitreum; L, Limus deserti; M, Sulphur natura; N, Terra foliata 
vel tinctura; O, Oleum; X, Y, P, Inceratio; OQ, Lapis. ‘These sixteen terms, 
beginning with Form and ending with the Lapis or Stone, represent pro- 
gressive steps in the various processes of alchemy and the thirteen dia- 
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grams in which they are inscribed form an advancing series, the regularity 
of which, however, is broken in several instances by carelessness in trans- 
cribing. At the end of the drawings are two blank diagrams which were 
not filled in, and at the bottom the signs and names of the seven planets 
with the corresponding metals are written in Latin. Mercury, it should be 














ALCHEMISTIC DIAGRAMS IN THE WINTHROP ALCHEMY MANUSCRIPT OF BOSTON 


In the first diagram between the concentric circles are the words A, Forma; B, Material; 
C, Corpus; and within the triangle D, Menstruum; below the circle the letters of the 
diagram, A, B, C, D, are grouped together, followed by the 6 letters, S.7.V.X.Y.Z., 
which are common to all the 13 diagrams. The second diagram has between the circles 
B, Materia; C, Corpus; D, Menstruum; and within the triangle E, Calcinatio, while below 
is the diagram group of letters, B, C, D, E, and the common line group, S.7.V.X.Y.Z. 
The progression of letters and terms is continued through the remaining diagrams as 
noted in the text. In drawing these diagrams the copyist made mistakes in placing 7 
before 6, in omitting the M term in 11 and 12 and in duplicating the O term in 11 and the 
P term in 12. 


noted, is assigned to the metallic alloy electrum in place of quicksilver 
(Figure 2). 

The Winthrop manuscript bears slightly obliterated parallel lines ar- 
ranged in groups of four against a vertical head line which might indicate 
that the paper was originally ruled for music and that afterwards an at- 
tempt had been made to remove these rulings by chemical treatment. 
The long-continued effect of the adhering traces of such chemicals may 
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PHOTOGRAPH OF A LATIN PoEM IN RHYME FROM THE WINTHROP ALCHEMY 
MANUSCRIPT IN BOSTON 


It bears the title Ignis and underneath in a later hand the annotation 
9 


Cantilena Thomas Norton. The same poem is given identically on pages 2 
and 4 of Elias Ashmole’s ‘“Theatrum Chemicum Britannicum”’as the Latin intro- 
duction of Thomas Norton’s ‘‘Ordinall of Alchemy.” It begins with the line 


“Liber iste clericis monstrat scientiam.” 
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possibly explain the disintegration of the paper and the almost complete 
disappearance of the ink on many pages of the manuscript. 

A detailed account of the text and subject matter of the old Winthrop 
folio cannot be given until it has been subjected to a careful examination. 
The most interesting of these manuscripts are those in old English, as they 
represent the alchemistic ideas which were current in England between the 
fourteenth and sixteenth centuries and which were composed in the ver- 
nacular of that period. 

There are two famous old classics of English literature which deal with 
alchemy. Chaucer's “Tale of the Canon’s Yeoman,” written about 1385, 
and Ben Jonson’s “‘Alchemist,’’ published in 1610. It was in the interval 
between these two compositions, when our language was undergoing its 
transition from the middle period of Wyclif and Chaucer to the early 
modern period of Shakespeare and Jonson, that the English alchemical 
poems in Ashmole’s ‘“Theatrum”’ and in the Winthrop folio were composed. 
In this plastic formative period, before custom had set its seal upon what 
constituted good usage, there was no uniformity in spelling, construction, 
or in the use of words. The writers of this time seemed to be experimenting 
with the language so that there is no consistency on the part of any one 
author in the matter of spelling, inflection, or order of words. Ashmole, in 


reproducing the old text of the poems in his ‘“Theatrum,’’ felt it necessary 


oor 


to speak a few words of apology upon this point. ‘“The style and language 
thereof,’ he writes, ‘‘may, I confesse (to some) seeme irksome and uncouth 
and so it is indeed to those that are strangers thereunto. . . . Posterity will 
pay us in our own coyne, should we deride the behaviour and dresse of our 
ancestors. . . . And therefore that the truth and worth of their workes 
might receive no diminution by my transcription, I purposely retain’d the 
old words and manner of their spelling, as I found them in the Originalls 
(except only some palpable mistakes and blemishes of former transcribers, 
which I took upon me to correct and purge as little more than litterall 
imperfections).”’ 

As an example (Figure 3) of this old English style of chemical composi- 
tion the following 24 lines are quoted from the commencement of a poem 
which in the Winthrop folio is entitled ‘‘Of the Secrets of Nature’’ and which 
is published on page 380 of Ashmole’s ‘“Theatrum’”’ as ‘“The Mystery of 
Alchymists composed by Sir Geo. Ripley Chanon of Bridlington.” In 
the Winthrop folio the poem is written in numbered verses of four lines 
each. Ashmole, whose text differst in places from the Winthrop manu- 
script, makes no attempt to separate the subject matter into verses, but 
does indicate the divisions of the dialogue between father and son beginning 
with line 13. 

+ Variations in Ashmole’s text, minor differences, such as those in spelling, ex- 
cepted. 
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PHOTOGRAPH OF THE First TEN VERSES OF Sir GEORGE RIPLEY’S POEM IN 
OLp ENGLISH UPON ‘“THE MISTERY OF ALCHYMISTS’” FROM THE WINTHROP 
ALCHEMY MANUSCRIPT IN BOSTON 


The complete poem with numerous textual variations is given on pages 380 to 
288 of Elias Ashmole’s ‘“Theatrum Chemicum Britannicum.”’ 
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In the name of God Amen 
Of the Secrets of Nature 


When Sol in Ariete and Phebus shynes bryght 
The elements reviving, the new yere spryngyng 
The sonne by his virtues gyves nature and lyght 
Moysture refreshes all fruts growyng! 
In the season of the yere when the sonne waxes warme 
Freshlie and fragrant the flowers doue growe 
The sutell workyng of nature cannot we dyserne? 
Nor yet by our reason we can it scant knowe* 
In iiij elements ys comprehendyd thyngs thre 
Animalis et vegitalis mineralis muste be* 
Of these ys our principall that we make our stone® 
Qualitie and quantitie is unknowne to many one. 
Qualitie, father, wold I fayne knowe, 
Of what nature it is and what he hath in hys kynde 
As colours dyvers as on the ground dothe grow® 
Kepe well thys secret, sonne, and marke it in thy mynde. 
Withouten proporcion, father, how should I it knowe? 
Thys werkyng is now fare from my mynde 
Nature and kynde, sonne, together doth growe 
Qualitie by wayght, sonne, shalt thou never fynd. 
How to separate elements, father, I muste neds knowe® 
By proporcion other more or lesse,? 
Out of our principall iiij elements thou shalt devyde” 
Thou shalt nede nothyng that nedefull ys."! 


Ashmole writes of the decayed condition of many of the old manu- 
scripts which he examined. In this connection he states with pardonable 
pride, “Some of these, pieces (now brought to publique light) had wellnigh 
perish’d in a silent ruine; and Destruction got a compleate victory over 
them, but that my diligence and laborious inquisition rescued them from 
the jawes thereof; being almost quite shrouded in the Dust of Antiquity 
and involv’d in the obscurity of forgotten things, with their leaves half 
Worme-eaten. And a wonder it is, that (like the Creatures in Noah’s 
Arke) they were hitherto so safely preserved from that Universall Deluge, 
which (at the Dissolution of Abbies) overflowed our greatest libraries.”’ 

1“ And moysture refresheth all things growing.” 

2 “Of Nature’s subtill working we cannot discerne.”’ 

3 “Nor yet by our reason we can it not know.” 
“‘Animalls, Vegetabills, Mineralls must be.’ 
“Of this is our Principle that we make our stone.”’ 
“As colours divers which on the ground do grow.” 
“Without proportion, father, how should I it know.” 
“To separate elements, father, I must needes know.” 
“Hither in proportion which be more or less.”’ 
“Out of our Principle foure elements thou shalt draw.” 
“Thou shalt neede nothing else that needefull is.”’ 
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The old Winthrop alchemy folio preserved in Boston is in much the same 
state of destruction as that described by Ashmole for some of the manu- 
* scripts of his time. The paper of some of the leaves has so far disintegrated 
that nothing is left; other pages are in so friable a state that the merest 
touch causes them to crumble; other parts of the volume, although frail, 
admit of careful handling. In many places the ink has faded so that the 
writing is barely decipherable. An experiment was tried of photostating 
a few of the leaves and the writing of the copies came out a strong black. 
Careful photostating would rescue a great part of the contents of the 
Winthrop folio and the text could then be gone over carefully and edited— 
a piece of work which cannot be performed upon the original without great 
risk owing to the necessity of frequent handling. Unless some means can 
be taken to preserve this ancient collection of manuscripts, the slow ravages 
of time will cause their complete destruction. 

The Winthrop folio of alchemy manuscripts is: the most priceless volume 
in the history of American chemistry. It came to our shores with the early 
English colonists, who brought with them the language, literature, laws, 
and traditions of their old home, and having remained here now for a period 
of nearly three centuries has witnessed the rise of chemistry in America 
from the crude practices of alchemy to its present high state of development. 
This volume was unquestionably a source of great interest to John Win- 
throp, Jr., and his numerous alchemist friends, containing as it does all the 
legendary lore of chemistry from the time of its mythical founder Hermes 
down through the Egyptians, Greeks, and Arabians until the art was 
finally imparted to the scholars of medieval Europe and England. To 
the latter country it was carried by such men as Robert of Chester and 
Roger Bacon and transmitted by them to Ripley, Norton, Dee, and other 
writers who were the predecessors and ancestors of the English emigrants 
that colonized the Atlantic seaboard and brought the traditions of ancient 
chemistry to the New World. It is the duty of American chemistry to 
rescue this old treatise, so full of historic associations, from oblivion and to 
ensure in some manner the permanent preservation of its contents. 


Deposit of Potash Salts Discovered. Department of Mines at Ottawa announces 
that potash salts have been discovered in a thick bed of rock salt which was being bored 
in search of oil and gas at Gautreau village, Westmoreland County, New Brunswick. 

The deposit is located in the belt that runs along the Northumberland Straits lit- 
toral in which the Malagash deposits lie. The general opinion is that if potash can be 
found in commercial quantities in the two provinces of Nova Scotia and New Brunswick, 
the Canadian Maritimes will have an industry of great value to the British Empire.— 
Chem. Markets, 23, 198 (Aug., 1928). 
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ONE HUNDRED YEARS OF ORGANIC SYNTHESIS* 


JOCELYN FIELD THORPE, IMPERIAL COLLEGE OF SCIENCE, LONDON, ENGLAND 


During July of this year it was my privilege to attend the celebration 
at Darmstadt of two events of the highest importance to chemists and to 
chemistry generally. They were the celebration of the 125th anniversary 
of Liebig’s birth, and the 100th anniversary of Wohler’s synthesis of urea 
This year marks therefore the centenary of what may be described as 
the first synthetic formation of an organic compound, and it is appropriate 
on this occasion to give a brief review of the progress that has been made 
since that epoch-making discovery and to trace the effect it has had on 
the development of organic chemical science. Needless to say, however, 
in the brief time at my disposal it would be quite impossible for me to 
do more than touch on the salient features of my theme. Indeed, I 
propose only to deal with certain specific questions and, incidentally, to 
show how the replacement of the “type theory”’ by the ‘‘theory of struc- 
ture’ exerted so remarkable an influence on the development of the science. 

As a matter of fact Wohler’s synthesis of urea was made in the same year 
as another very important synthesis which strangely enough passed al- 
most unnoticed. ‘This was the synthesis by Hennell of ethyl alcohol from 
ethylene. But Hennell’s ‘synthesis’ was from ethylene of natural origin 
whereas Wohler’s synthesis was from cyanic acid which had already been 
prepared synthetically by Berthollet in 1787. Wohler’s was there- 
fore a true synthesis and it attracted immediate attention because 
it dealt a heavy blow to the “vital principle’ theory so strongly 
advocated by Berzelius. It is interesting to note that in accordance with 
Wohler’s own account of his discovery, which he published in 1828 in the 
Annales de Chimie et de Physique, he first prepared urea in 1822 by the 
action of ammonia on cyanogen but it was only after obtaining the same 
substance from ammonium cyanate (1828) that he was able to prove its 
identity with the urea of animal origin. The great partnership of Liebig 
and Wohler, a partnership which was destined to have a marked influence 
on the development and progress of organic chemistry, started with the 
investigation of cyanic acid and later dealt with the chemistry of benzoyl, 
one of the most important radicals forming part of the then prevalent 
theory of types. 

It must be remembered that Wohler’s discovery of the transformation 
of ammonium cyanate into urea was actually the first example of isom- 
erism; at least it afforded the first recognized example of the existence 
of two substances having the same molecular weight, and the same per- 
centage composition but having different chemical and physical properties. 

* Paper read before the Divisions of Industrial and Engineering Chemistry and 
Organic Chemistry of the A. C. S., at Swampscott, Massachusetts, September 11, 1928, 
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Actually, as was shown later by Walker and his pupils, this is not merely a 
case of isomerism but is also one of tautomerism, since the interchange is 
reversible and from either side the same equilibrium mixture of the two 
can be formed. 


N : C—ONH, == H: : N—CO—N:H; 





Indeed the interchange, although rather more complex than the simple 
type of tautomeric mobility, is none the less such as to fall within the defi- 
nition of tautomerism as we understand it today. For example, depend- 
ing upon the formula for urea we may favor, the change can be represented 


as follows: 
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(Carbamide) (Elemental change) 
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ONH, H;N—O 
(Ammonium cyanate) (Ring change) 


Subsequently, many other examples of isomerism were discovered and 
their discovery dealt the death blow to the theory of types. 

There then arose the first conception of the ‘‘theory of atomic linkage,” a 
theory which is held at the present time and which has been found to 
answer in the case of all known organic compounds. It may safely be said 
that this theory gave an impulse to organic chemistry which has resulted 
in an advance in the science rarely the outcome of any one theoretical con- 
ception. By its means it is possible to show the relationship between 
different substances, to predict the existence of new compounds, to deter- 
mine their properties, both physical and chemical, and to foretell the manner 
in which they can be made. It fails, however, in one all-important particu- 
lar, because it fails to illustrate mechanism. We can illustrate, for ex- 
ample, the manner in which ethyl acetoacetate can be made. We can 
determine and illustrate the properties and formulas of the keto and enol 
forms and we can ascertain the manner in which the one form can be con- 
verted into the other to form the equilibrium mixture of the two; however, 
we cannot illustrate the manner in which this is accomplished nor can we 
foretell by means of the graphic formulas what, in any given case, the pro- 
portions of the equilibrium mixture will be. These are matters concerning 
the intramolecular movement of the atoms which the “‘theory of atomic 
linkage’’ cannot hope to elucidate. ; 

A new theory which may be termed ‘‘the theory of intramolecular 
mobility’’ is required before questions such as these can be answered. 
Many such are now being brought forward and there can be no doubt 
that with the mass of workers now in the field we shall shortly be in a 
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position to see some little distance ahead so as to get some inkling of 
the right direction to follow in this fascinating and all-important search. 
Without doubt the solution lies in finding the right way to apply the 
electronic theory to the reactions of organic compounds and already 
much has been done in this connection by the work of Robinson, Lap- 
worth, Ingold, Fliirscheim, and others. Great as were the apparent 
differences between the views of these chemists it would appear that 
they are largely variations of nomenclature and that gradually the light 
is shining through and dissipating the fog of new words and phrases, 
of arrows curved and straight, barbed and unbarbed, which it seems neces- 
sary for workers in the field to generate. 

The ‘‘theory of atomic linkage” or ‘‘structural theory’’ is due in the 
first instance to the work of Kekulé and Couper (1858), Frankland, Kolbe, 
and Odling. It was even earlier (1852) advanced by Frankland in his 
work on the organic-metallic compounds. In this investigation Frankland 
sought to isolate the free radicals, the existence of which were indicated 
by the type theory. As is well known, Frankland failed to achieve this 
object but isolated the organo-metallic compounds; notably zinc ethyl, 
which he obtained in an attempt to isolate the radical ethyl from ethyl 
chloride by the action of metallic zinc. The equivalence of atoms, which 
is the basis of the structural theory, must at that time have been quite 
clear to Frankland for, in a paper published on May 10, 1852, he says: 
“that in several compounds of a given element, no matter what the char- 
acter of the uniting atoms may be, the combining power of the attracting 
element, if I may be allowed to use the term, is always satisfied by the 
same number of these atoms.”” This was, undoubtedly, the first definite 
statement of the equivalence of atoms. 

Nevertheless, the clear enunciation of the theory was in the main due to 
Kekulé who, in a paper on ‘The Constitution and Metamorphoses of Chem- 
ical Compounds and on the Nature of Carbon” (1858), first definitely 
discussed the theory; Kekulé showed in the first instance that the chemical 
units combined with carbon equaled 4. Secondly, in the case of substances 
containing several carbon atoms it must be assumed that some of the 
carbon atoms, at least, are held in the same way by the affinity of carbon 


for itself. Thus in the case of — C—C — the carbon atoms have six ex- 


| | 
| | 


posed valencies; 7. e., — C—C — is hexavalent. Kekulé also pointed out 
| | 

that besides the simple single union, other unions may occur and instanced 

benzene and naphthalene, subsequently to be elaborated into his ben- 

zene theory in 1865. Kekulé’s book on organic chemistry, published in 
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1863, contains a wonderful account of the views he then held and affords a 
striking example of a man of great genius moulding the knowledge of his 
time into a new shape, utilizing existing views so as to give effect to his 
own experimental work and to build the foundations of an edifice which 
has stood the test of more than 60 years of investigation and research. 
Indeed this fascinating book of Kekulé’s which will well repay those who 
have the leisure to read it through, must stand, as long as organic chem- 
istry exists, as a monument on the road of progress. Kekulé’s formulas 
were, however, still quite unlike our own structural formulas since, as is 
to be expected in a textbook intended to be used by students, he does not 
definitely abandon the “‘type theory” but seeks to harmonize and modify 
it in accordance with the views he was elaborating. Couper (1858), as a 
matter of fact, is to be regarded as the father of our present graphic for- 
mulas. For example, Couper wrote propyl alcohol as (I): 


C---0---OH CH,OH 
: “Ha : 

(I) CH; | (II) 
: CH; 
C..-Hy 


which is astonishingly similar to the present formula (II) when it is remem- 
bered that Couper regarded oxygen as having an equivalence of 8. Subse- 
quently, Crum Brown and Frankland in 1865 and 1866 evolved the system 
which is in vogue at the present time. 

The effect of the structural theory was at once apparent for, although 
no further example of the synthetic preparation of an organic substance 
occurred between 1828 and 1860—if one excepts the entirely empirical 
synthesis of uric acid by Horbaczewski—the next thirty years witnessed 
the synthesis of a very considerable number of natural products as well 
as the preparation and investigation of a vast number of substances not 
of natural origin but merely definite compounds of carbon, the existence 
of which was demanded by the structural theory. It is not my purpose to 
give a detailed account of this extraordinarily prolific period, including as 
it does the synthesis of alizarine, of uric acid, and of indigo—-to mention 
only three among many others. During this period the organic chemist 
found himself in the possession of a new weapon by which he was able to 
attack ‘nature in her most formidable strongholds, wrest from her the 
secrets she held, and utilize them for the benefit of mankind. Industries 
based upon the development and utilization of natural products were de- 
stroyed and new ones founded on the production of the synthetic substances 
were created. At the same time the development of the science along 
structural lines gave rise to the production of many substances of great 
commercial importance, notably the formation of coloring matters from the 
aromatic hydrocarbons obtained from the coal-tar distillate—an elabora- 
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tion of the entirely empirical discovery of the first coal-tar dye, mauve, 
by Sir William Perkin in 1856. 

Hand in hand with the scientific development of the synthetic dyestuff 
industry went the investigation of medicinal products. For example, 
successful syntheses of the less complex alkaloids were accomplished, 
showing the relationship between structure and physiological properties 
and indicating the means by which other products not of natural origin 
could be formed. At the same time, new types possessing special medicinal 
value were produced and utilized for human requirements. From the 
synthesis by Ladenburg of conine, the essential principle of the hemlock, 
to the synthesis by Harrington of thyroxalin, the active constituent of the 
thyroid gland, is a far cry but it embraces a period of great activity and 
successful endeavor unsurpassed, probably, in the history of any other 
science. All was not plain sailing and many difficulties were encountered 
by the pioneers in synthetic organic chemistry. Adolf von Baeyer worked 
for fifteen years before he was in a position to elaborate a formula for 
indigo, but once this was done, the synthesis of this valuable natural 
product quickly followed and its production on the commercial scale 
occurred shortly afterward. Indeed the earlier pioneers met with many 
set-backs and disappointments. Thus Baeyer, working on the syn- 
thesis of uric acid about the year 1860 (before the ‘‘structural theory”’ 
had been fully evolved) prepared pseudo-uric acid, which is uric acid 
having an additional molecule of water. Baeyer was unable to remove 
this water and abandoned the synthesis as unworkable. Later his great 
pupil, Emil Fischer, fortified by the ‘‘structural theory,” and thus know- 
ing that water ought to be eliminated to form the natural compounds, 
repeated Baeyer’s work and found that the very simple process of heat- 
ing pseudo-uric acid with anhydrous oxalic acid transformed it into uric 
acid. 

The final period from 1890 to the present day has been equally fruitful 
in synthesis and production. This period saw the synthesis of camphor 
by Komppa and also of many other natural substances. The elusive 
chemistry of camphor had previously puzzled a generation of chemists. 
Its peculiar properties and its habit of showing itself to be both an aromatic 
and an aliphatic substance led to many difficulties and troubles. As 
many as thirty formulas had been proposed for this natural product and, 
in accordance with the rules followed by the synthetic chemist, every one 
of them appeared to be reasonable. ‘These rules are quite definite and in 
nearly every case lead to the correct solution of the problem. The chem- 
ist, for example, breaks down the natural substance by one or more of the 
reagents he has at hand and by identifying the products he can usually 
rebuild the structural formula in such a way as to enable him subsequently 
by synthesis to verify it. 
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In the case of camphor, however, despite the large number of workers, 
the fragments when put together led to formulas which could not be so 
verified. Finally, Bredt, by a series of masterly deductions, put forward 
a formula which fitted in with most of the facts, and the problem of how to 
prepare a substance of his formula became the question of the moment. W. 
H. Perkin (the younger), with whom I was working as a research student 
at the time, rendered Bredt’s formula a certainty when we prepared 
camphoranic acid synthetically but our subsequent attempts to syn- 
thesize camphoric acid, the next step, proved abortive, or rather led to the 
production of but a trace of camphoric acid—a trace so small that only 
a mixed melting-point determination with a specimen of rac-camphoric 
acid of natural origin could be made. The elegant synthesis of Komppa, 
which was published almost simultaneously, clearly placed the struc- 
ture of camphor beyond question and proved conclusively the correctness 
of the Bredt formula. Komppa not only synthesized camphoric acid but 
resolved it and later, using the method discovered by Haller involving 
the addition of potassium cyanide to the reduced camphoric anhydride, 
converted the d-form into d-camphor identical with the natural product. 
Unlike previous syntheses, that of camphor by the Komppa method 
was far too costly and elaborate for commercial purposes. 

Nevertheless, the determinations of the structure of this important 
natural product indicated a means by which it could be prepared from 
another natural substance, namely, pinene. The transformation of 
pinene from oil of turpentine through the oxalate of borneol proved com- 
mercially practicable but improvements in the methods of collecting and 
extracting camphor from the camphor tree led to an increase in purity 
and a decrease in price of the natural product, so that, as far as I know, 
the synthetic product, if such it can be called, has ceased to be produced 
in any great quantity, and in this instance the natural product retains the 
field. It is possible that had the indigo planters been alive to the danger 
threatening their industry and had taken in hand, at an early stage, the 
scientific investigation of their product, the fate that has overcome them 
might, at least, have been delayed. Still it must be remembered that 
the standardization of a chemical substance is an all-important factor in 
its commercial application and that, in the case of a highly complex mixture 
such as natural indigo, standardization is not only difficult of achieve- 
ment but costly in operation. 

Among the most important discoveries of the last two decades of the 
19th century must be placed that of the alicyclic rings made by W. H. 
Perkin, Jr., working in Baeyer’s laboratory. It is fortunate that in the 
autumn, owing to the establishment of an annual special lecture in mem- 
ory of Sir Alexander Pedler, we shall be able to hear from Professor Perkin 
a first-hand account of the history of this most important discovery. The 
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series of three-, four-, five-, and six-membered rings was made by a series of 
well-known reactions which involved the action of the sodium compound 
of ethyl malonate on the corresponding straight chain dibromide thus: 


CH.Br rs - 
+ Na, — |« 
CH.Br \ pa N\cooc:Hs 
COOC.H; 2 


CH, 
— | SCH-COOH 
CH, 


/COOCG:Hs 


If one studies the literature of this period one is surprised at the contro- 
versy the production of these closed carbon rings raised. More especially 
is this so when one remembers that closed heterocyclic substances of the 
type of succinic anhydride and acetic anhydride were known and recog- 
nized and that the initial idea of a closed ring of carbon atoms had been 
evolved by Kekulé in his benzene formula, in which the well-known analogy 
of a serpent with its tail in its mouth was suggested. Indeed the tetra- 
hedral theory of van’t Hoff necessitates the assumption that in a chain of 
five and six carbon atoms the terminal atoms must be very close together 
and it is reasonable to suppose that under suitable conditions these carbon 
atoms could be made to unite. Nevertheless, the view was strongly held 
that these so-called cyclic compounds were actually stable forms of the 
isomeric unsaturated compounds, despite the fact that they failed to re- 
act with oxidizing agents and did not readily add on bromine. ‘Today, of 
course, this view is no longer held and the alicyclic compounds form an 
important and definite branch of organic chemistry. 

As soon as the existence of these homocyclic compounds became definitely 
established, Baeyer brought forward his well-known strain hypothesis to 
account for their existence. Working on the van’t Hoff tetrahedral theory, 
he assumed that the closing of the ring produced strained conditions within 
the molecule and that this strain was dependent on the alteration of the 
angle necessary to form the ring. ‘Thus the tetrahedral angle of 109.5° 
being nearest to the angle of the pentagon (108°), the five-membered ring 
should be most readily formed and compounds, therefore, of the cyclo- 
pentane series would possess the least molecular strain. On the other 
hand, the double bond, which, in this sense, may be regarded as a ring of 
two carbon atoms, required the greatest strain for its production and 
then, in order, followed the cyclopropane and cyclobutane complexes. 
Beyond the five-membered ring the annular angle becomes greater than the 
tetrahedral angle of 109.5° and, in consequence, the strain is produced by 
the opening out of the tetrahedral angle by ring closure. This strain in- 
creases therefore as the number of carbon atoms composing the ring is 
augmented; thus the cycloheptane ring would be more difficult of for- 
mation than the cyclohexane complex, cyclooctane than cycloheptane, 
ete. 
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Many facts supported Baeyer’s hypothesis, mainly in the cyclopentane 
and cyclohexane series but, on the other hand, many of the reactions of 
the cyclopropane ard cyclobutane derivatives appeared to be abnormal. 
In fact, derivatives of the cyclopropane series appeared in many cases to 
be more readily produced than the corresponding compounds in the cyclo- 
butane series. For example, caronic acid can be readily produced whereas 
no one has yet succeeded in preparing norpinic acid. Many attempts 
have been made to do so, however, because this acid is of the highest im- 
portance as a factor in the determination of the structure of pinene, repre- 
senting as it does the inner ring of that important natural substance. 


CH:COOH CH:COOH 


| 
C(CHs3)2 C(CHs)2 * 
CH:COOH CH-COOH 


Caronic acid Norpinic acid 


In fact it was clear that the Baeyer hypothesis, although an important 
expression of a fundamental factor, was yet subject to profound modifica- 
tion by other factors of which it takes no account. 

Recent work has shown that the factors producing this modification are 
two-fold; namely, steric and angular. Both are dependent on the fact that 
the tetrahedral angle is subject to modification under specific conditions 
and that if, through any cause, the angle between two valencies is altered, 
that between the other two valencies is also altered so as to bring about an 
enlargement or diminution, depending on whether the other angle has been 
increased or diminished. Thus an enlargement of the tetrahedral angle 
by the inclusion of a carbon atom in the cyclohexane nucleus (120°) pro- 
duces a corresponding diminution of the other angle from 109.5 to 107.2°. 


/CH:—CHy C CH, /C 
CH; 109.5° SC¢ 107.2° 109.5° SCX 109.5° 
*s 

CH:—CH:“ ‘C CHY ‘C 


This alteration of the angle, although small, has a remarkable effect on the 
chemistry of the derivative concerned and a large number of facts have 
been discovered which illustrate this. It is only necessary to cite as 
instances, the stability of the hydroxy form of the acid in the cyclo- 
hexane series and the stability of the keto-acid in the open chain dimethyl 


CH, — CH, C(OH)-COOH CH; CO-COOH 
ca SG Ye 

CH, — CH: CH-COOH CH; CH,COOH 
Stable Stable 


series. 


The other factor producing an effect on the tetrahedral angle is the volume 
factor. It has been found for example that in the following series: 
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ie C(OH)COOH C.Hs CO-COOH 
“« 


ct | = 
C.Hs CH:-COOH C.H; CH,COOH 


the sodium salts are actually tautomeric in strong caustic soda solution, 
the same equilibrium mixture being produced from either individual by 
the action of this reagent. Another series illustrating this point in a re- 
markable manner is that shown by the alkyl keto glutaric acids. 


CO:COOH ee E(QE) COOH 
C(CHs)2 O 
CH2-COOH 
(Stable) (Stable) 


CO-:COOH — (OH):-COOH 


C(CHs)2 
CH(CHs)2,COOH 
(Tautomeric) 


Ruzicska, who has enlarged our knowledge of ring systems in a remark- 
able way, holds the view that all these systems are strainless or, at any rate, 
that those above the cyclopentane series, which is itself strainless in the 
uniplanar form, are rendered so by their existence in the multiplanar state. 
Thus the cyclohexane ring in the multiplanar condition advocated by 
Sachse and by Mohr is strainless and in a similar manner the higher mem- 
bered rings which Ruzicska has prepared and investigated are also strain- 
less. Ruzicska, in a paper he read last month before the International 
Union of Pure and Applied Chemistry, advocated the view that these large 
rings were in a looped form and biplanar. It seems unreasonable to assume 
that these ring systems are not all built up on the same plan and that a 
general hypothesis should not be applicable to all of them. The chemical 
and a great deal of the physical evidence, as regards both reactions and 
ease of formation, is strongly in favor of the strained form for all rings up 
to that containing six carbon atoms. ‘The seven-membered ring seems 
to behave as if it were both strained and strainless, but the evidence of the 
dissociation constants of the dibasic diacetic acids is in favor of the strained 
condition as is also the evidence of the ease of formation. So far as the 
higher rings are concerned, we, at present, know so little about them that 
any conclusions which could be drawn from the evidence at hand is likely 
to be misleading, but here again the difficulty with which Ruzicska has 
obtained them and the poorness of the yield seem to point to the occurrence 
of strain. Moreover, in the case of a C,;-membered ring of natural occur- 
rence, such as civitone, in which it may safely be assumed that strainless 
conditions are present, it must be remembered that the strainless state is 
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only produced by the inclusion of a double bond and a ketone group in 
this ring. 

The main evidence held to be in favor of a strainless cyclohexane com- 
plex has been derived from the preparation of stereo-isomeric forms of 
the reduced naphthalene compounds such as dekalone, but in this case 
it must be remembered that locking of the initial six-membered ring 
occurs through the closing of the second ring in the ortho-position, and 
that no evidence of this kind, important as it is in connection with the 
structure of the decahydronaphthalene nucleus, can be accepted as show- 
ing the form in which the ring exists before the locking process has been 
accomplished. ‘The Mohr model of the strainless cyclohexane structure 
shows it in two forms—one rigid, the other capable of movement about 
the bonds. ‘The two are not interconvertible and must represent defi- 
nitely isomeric compounds. No chemical evidence as to the existence 
of these compounds has been discovered. If, as is suggested, there is 
interchange between the rigid and non-rigid forms then such interchange 
can only take place through the uniplanar strained form and in that case 
it would appear that the resultant effect would be that of a strained ring. 
In conclusion it is held by many of us that the case of the strainless alicyclic 
system is not yet proved and that the weight of chemical and physical 
evidence is, on the contrary, strongly in favor of these substances having 
the strained structure commensurate with their ring angles. No doubt 
is entertained as to the uniplanar character of the benzene ring—why 
then should the uniplanar character of the cyclohexane ring be called 
in question? 

In this very sketchy account of the development of organic chemistry, 
I have had to leave out many sections which serve as land marks in the 
progress of the science. I have said nothing of stereochemistry, yet this 
was one of the most fundamental developments arising from the intro- 
duction of the ‘‘structural theory” and in the hands of Pasteur, van’t Hoff, 
Pope, and others, has become, probably, the most striking example of its 
truth. I have said nothing about the carbohydrates, mainly because one 
of the chief workers in the field has already given you a first-hand account 
of this important branch of the science. 

What then of the future? 

The new edition of Beilstein will contain a description of some 400,000 
definite compounds of carbon and it is pertinent to ask when additions 
to this already stupendous list are likely to cease. ‘The answer is that it 
is never likely to cease and cannot cease so long as fundamental research 
work in organic chemistry is being carried on. ‘These compounds are not, 
as certain of our maligners suggest, prepared for the sake of preparing 
them, but are merely steps incidental to the elucidation of some problem 
of fundamental importance to the progress of the science. It is absolutely 
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necessary that these should be recorded in order that subsequent workers 
in the same field may utilize them as sign-posts indicating the direction 
along the paths already trodden. In no other way can we hope to explore 
and map the unknown country ahead of us. I have heard it said that 
organic chemistry is reaching finality, but to those of us who know, the 
realization that we have only scratched the surface of things is very evi- 
dent. Many natural substances such as strychnine, morphine, etc., still 
evade the skill of the synthetic chemist. The wonderful researches of 
Willstatter, who has enriched every branch of the science he has touched, 
have indicated the manner in which the coloring matter of flowers and 
plants may be investigated, a line which is being followed by Robinson 
and his pupils. But it is probable that in the immediate future greater 
attention will be paid to the discovery of the relationship that exists be- 
tween structure and physical properties, for it is in this way only that we 
can hope to obtain an insight into the mechanism, not only of reactions 
but also of the movement of the atoms within the organic molecule. There 
is evidence that, at last, we are reaching the state when we can apply the 
electronic theory not only to correlate existing facts but also to predict, 
and when we attain this end the comprehension of mechanism will not 
be far off. 

In the difficult field of biochemistry the attack from the side of struc- 
tural organic chemistry—which indeed is the only one which can yield 
success—must be developed. Already much has been done in this re- 
spect but the vast unknown region ahead may well appall the pioneer, 
The difficulty here is one of method, for the known methods of the organic 
chemist which have been developed in order to enable him to deal with 
homogeneous substances seem to fail when applied to the heterogeneous 
mixtures with which the bio-chemist has to deal. New methods are there- 
fore required and will without doubt be forthcoming. Indeed, it is an 
open question whether the development of biochemistry does not lie more 
on the physical side of organic chemistry than on the purely structural 
side, although it is obviously necessary to know the physical properties of 
the pure constituents before it is possible to determine the physical char- 
acteristics of the colloid mixtures which predominate in the domain of 
life. Willstatter, with a courage which few of us possess, abandoned 
the field of synthetic organic chemistry in which he had accomplished so 
much to take up the study of enzyme action, one of the most important 
problems of biochemistry. He has found that the greater the purity of 
the enzyme the less is its physiological action, a remarkable discovery 
which seems to indicate that biochemical reactions are balanced reactions 
depending on the presence of secondary substances in the active constituent, 
and that when these secondary substances are removed then the activity 
of the enzyme is diminished or ceases. If this is so it is still more apparent 
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that the problems involved are physico-chemical in character and depend 
on the physical properties of highly complex colloid mixtures. It is re- 
markable that the ease with which the yeast enzymes break down glucose 
into carbon dioxide and alcohol cannot yet be accomplished by laboratory 
methods. . 

In conclusion I should say that I have endeavored to show the effect 
that the introduction of the ‘‘structural theory’ has had on the develop- 
ment of organic chemistry and to indicate its present-day limitations. 
We urgently require a new theory which when combined with the struc- 
tural theory will enable us to define and understand the mechanism of 
reactions—intermolecular and intramolecular. When this is accomplished 
an impetus will be given to the development of the science as great as or 
greater than that imparted by the theory of the structure. 





Cotton, Linen, Rayon Act Alike toward Ultra-Violet Rays. The health-giving 
ultra-violet rays of sunlight, which everybody wants nowadays, pass through cotton, 
linen, and rayon fabrics about equally well when these are of equal weight and closeness 
of weave. Fresh, white, natural silk is almost as transparent toward the rays as bleached 
cotton, while wool is only about half as transparent. 

These are some of the results obtained in a study of the transmission of ultra- 
violet radiation through various fabrics, conducted at the U. S. Bureau of Standards 
by Dr. W. W. Coblentz, Dr. R. Stair, and Dr. C. W. Schoffstall, and reported in the 
Bureau’s new Journal of Research. 

“Tn all cases when the fabric is dyed, or slightly yellowed with age, the ultra-violet 
transmission through the thread is greatly decreased,” the investigators state. ‘Hence, 
as is to be expected in comparing various kinds of dyed fabrics, the one having the 
largest openings between the threads transmits the most ultra-violet. —Science Service 

Scientific Food Advertisers Must Follow Rules of Science. If advertising would 
invoke the aid of science it must follow the rules that govern research in science, said 
Dr. E. V. McCollum of the Johns Hopkins University at the recent meeting in Chicago 
of the American Public Health Association. Particularly in food advertising, the public 
is being misled by a wrong use of science. 

Dr. McCollum presented a plan for an advisory board to consider food advertising. 
The board would be composed of eminent scientific men and would only act to advise 
publishers on strictly scientific matters. This board would decide on questions of accu- 
racy, authenticity, propriety, and applicability of scientific statements in food advertise- 
ments. Advertisers themselves are feeling the need of such a board, for the idea was 
first suggested by John Benson, President of the American Association of Advertising 
Agencies. Dr. McCollum believes that publishers are also feeling perplexed over the 
developments in advertising of food products, which have become so extravagant in 
their claims. 

The reason for the fierce competition prompting this wave of so-called scientific 
advertisements of food is that we are at present eating all we possibly can without 
harm, says Dr. McCollum. Advertisers, in order to sell more of any kind of food, 
must take advantage of present scientific knowledge of our nutritional needs. How- 
ever, too many of them are being led to give the public half-truths in place of scientific 
facts.—Science Service 
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CONTRIBUTIONS OF CHEMISTRY TO INDUSTRY. PART II* 


WALTER A. SCHMIDT, WESTERN PRECIPITATION Co., Los ANGELES, CALIFORNIA 


If we go back a hundred years, we find that industry was dependent, 
with very few exceptions, upon the raw materials which nature either gave 
or produced, mineral deposits on the one hand and living matter on the other. 
As was the case in ancient Egypt, our great-grandfathers produced glass, 
porcelains, enamels, spirituous liquors, soaps, and various concoctions which 
resulted from the application of numerous formulas. But essentially 
the industry of the day was dependent upon the direct utilization of the 
materials which were recovered as such from natural materials or natural 
products. Let us see what has happened since then. 

Probably one of the most interesting industrial contributions of the 
chemist was the discovery that certain materials in small quantities can 
be used to stimulate chemical reactions which otherwise would not take 
place at an appreciable rate under the conditions of operation. ‘The chem- 
ist refers to these materials as catalyzers and calls the operation catalysis. 
This discovery has been applied for the accomplishment of many useful 
results. For example, if sulfur dioxide gas is mixed with air and conveyed 
over finely divided platinum at a somewhat elevated temperature, the 
platinum is not permanently affected, but the sulfur dioxide and oxygen 
combine to give sulfur trioxide, which, when absorbed in water, gives 
sulfuric acid, and this sulfuric acid can be produced up to any desired 
strength. I mention this reaction because it was one of the earliest com- 
mercial applications of catalysis. It has led to the building of an enor- 
mous number of sulfuric acid plants of much simpler design, and much 
greater efficiency than was the case with the earlier chamber process, al- 
though it must be said that a considerable number of chamber plants are 
still in operation. Above all it made possible the cheap production of a 
very strong acid, such as is sold under the trade name of oleum. 

More far-reaching in its effect was the discovery of Haber that nitrogen, 
an exceedingly inert and non-reactive gas, when mixed with hydrogen and 
subjected to high temperature and pressure in the presence of an appro- 
priate catalyst, reacts to produce ammonia. As it had previously been 
determined that nitrogen was one of the essential foods of plant life, and 
whereas practically all of the nitrogen available to man theretofore was 
brought from the saltpeter beds of Chile, and whereas eighty per cent of 
the volume of the atmosphere of the earth was nitrogen in an inactive form, 

* This paper was prepared for presentation to the Engineers Club of Los Angeles 
without thought of publication. The paper contains a considerable number of ver- 


batim quotations from various reference books, but as these references were not marked 
in the original manuscript, their identity has been lost, for which the author offers 


an apology. 
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it had been the dream of chemists for years to convert the inactive atmos- 
pheric nitrogen into an available form and thus assure an adequate supply 
for the future. Many dire predictions of future starvation as a conse- 
quence of nitrogen shortage were made, and volumes were published 
painting a dismal picture of the future. The chemist came along and 
with a simple discovery opened up the storehouse of atmospheric nitrogen. 
You will be interested to know that Germany, which uses more nitrogen 
fertilizer per acre than almost any other country, until very recently im- 
ported prodigious quantities of Chile saltpeter. Last year, according to 
published statistics, Germany did not import a single pound of Chile 
saltpeter, but manufactured all its own nitrogen products, and exported 
large quantities of nitrogen compounds besides. It is interesting to note 
that Germany has increased its use of nitrogen as a fertilizer and, by 
means of this and like increases in the use of potash and phosphates, has 
brought up its horticultural production to a point where this thickly 
populated nation is now self- 

sustaining, so far as food is con- 

cerned. Itis true that Germany 

‘ still imports large quantities of 

‘food products, but recently I 

was told by an authority on 

the subject that the export of 

horticultural products from Ger- 

many to other European na- 

tions, now balances the import 

of food products from the West- 

ern Hemisphere. What is true 

of Germany is also-true of other 

Catalyst testing plant—testing ammonia jyoderti nations, and atmos- 

catalysts. ake : : 
pheric nitrogen fixation plants 
are springing up so rapidly in this country and abroad that it begins to 
look as though the Chile saltpeter industry might eventually be relegated 
to the junk pile. 

The ammonia formed by the direct fixation of atmospheric nitrogen 
can be oxidized, again in the presence of a catalyzer, to nitric acid, and 
nitric acid, as we all know, is the important chemical necessary for the 
production of explosives and other nitrification products, such as pyroxylin, 
lacquers, celluloid, and innumerable other materials now playing an im- 
portant part in the world’s commerce. 

Another most interesting application of catalysis is in the hydrogenation 
of fats and oils. A few years ago we were dependent upon animals for 
hard fats, such as lard. Liquid fats differ from hard fats usually in that 
they have a lower hydrogen content. The chemist set out to put more 
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hydrogen into the molecule, and found that in the presence of a proper 
catalyzer, such as finely divided nickel, various liquid oils and fats would 
react with hydrogen, and synthetic lard was produced. One of such 
products is now sold under the name of “‘Crisco.”” By this discovery, 
humanity was set free from its bondage to slaughtered animals for its 
lard supply, and thousands of tons of artificial shortening materials are 
now manufactured from cottonseed and other vegetable oils. Useful © 
products are also made from the once despised fish oils, and from other 
materials which formerly had little commercial value. As the years go 
by, people will accept the doctrine of the chemist that a product properly 
made in a factory is just as good as a natural product, no matter what the 
origin of the raw materials. 

A few years ago all wood alcohol, or methanol as it is now called, was 
made by the destructive distillation of hard woods. A large German 
chemical firm, since the war, threw into the world’s market a considerable 
quantity of methanol, which called for no wood in its manufacture. They 
had found that certain hydrocarbon gases, when passed over an appro- 
priate catalyzer under proper conditions, produced methanol so pure that it 
was better than any wood alcohol that had ever been on the market. Fur- 
thermore, as the product is cheaper than wood alcohol manufactured 
by the distillation of wood, it looks at the present moment as though the 
wood distillation industry must depend for its profits upon other products. 
The new process, being so important, has already been introduced in the 
United States through the efforts of the du Pont Company. More re- 
cently the Germans succeeded in synthesizing butanol, which is closely 
akin to methanol, and is used in tremendous quantities as a solvent in the 
paint and lacquer trade. Now comes the announcement that by a modi- 
fication of the same process, they can manufacture ethyl] alcohol, and appar- 
ently our gin supply for the future is taken care of. It is anybody’s guess 
as to what this latest development will do to the tremendous fermentation 
industry, which has been built up by the manufacturers of alcohol, both 
for industrial and beverage purposes. 

Numerous other examples of the application of catalysis could be given, 
but these few will serve to show that as the result of one discovery, old 
industries may be replaced or seriously modified by new ones. 

During the past two years, much prominence has been given to the 
process developed by Dr. Friederich Bergius of Germany for the direct 
liquefaction of coal. Bergius found that under proper conditions of tem- 
perature and pressure, he could introduce hydrogen into the material at 
the same time that he dissociated the heavy molecules under the influence 
of heat. The reactions are somewhat obscure as the material undergoing 
treatment is of a very complex nature and the hydrogenation reaction is 
superimposed upon the reactions resulting from thermal decomposition 





1606 JouRNAL OF CHEMICAL EDUCATION DECEMBER, 1928 





of the heavier molecules. According to the information which has been 
made public, Bergius has been able to convert over half of the weight of 
coal subjected to treatment, to liquid hydrocarbons, working on hundreds 
of different samples of coal, and in a few instances he has approximated 
an eighty per cent conversion. Apparently these liquid products are 
different from the tars which are produced through ordinary distillation 
of coal, either at high or low temperatures, and yield satisfactory gasoline 
for internal combustion engines as well as satisfactory lubricating oils. 
For example, one set of curves published by Dr. Bergius shows that a 
thousand kilograms of coal produced one hundred and fifty kilos of market- 
able gasoline, two hundred kilos of an intermediate fraction, sixty kilos of 
lubricating oil, and eighty kilos of heavy fuel oil. This process has now 





{ 
Non-volotile Residue 
70 tons 


7 
Volatile Products 
0, fons 





Coke 


' T 
Retort Carbon Gas Ammoniacal Liquor 
70 tons 7 


200 Ib 16.85 tons 8 tons 
bance ww ft 


Tor 
S35 tons 


Scrubber Water i072 gol 
1 


1875 galy 375 ge! 
' T 
Light Oils Middle Oils 
7 Ib 1966 Ib 
% 4gol 2197 mt 
i 
Nopptnale “tae Srgs5o 


vel Oils 
"sis Ib. 
Aether 
Col 
Fea 67 
sore) 








i 
Heavy Oils Pitch 
363 ib. 7500 tb 


107 2gol. 


(0x wR ified) 
Net solobie Ith eu 


Cyanogen(Cn) 
107 Ib. 
750 cu ft 
Sulphureted 
Hydro iad 
10,714 cu 


3 Coke 
475 tons Woste 
(Net solable) 225 tons Carbon Bisulphide 
642 Ib 
Gos Bi cu fe. 
(Cotalytically Purified) 
5508 tu pereuft pains 
1,071 430 cu ft 


« eee CeNe) 





Naphthd\o 
ogee 8 ¢e, 
Fuel Ow 

2149 Ib. 

ei gal 


Benzol 
803gal 


Gos (robe nes6,) 
(Partly debenzolized) pois stay 
530 Btu percu ff. 1.4 ton: 
067,855 cu #. 


Yellow Prussi nal 
Ka Fe. Cong) 


300 Ib. Reside ves 





err tn <0! & ) 


Ben 
WOT go! 
1,060,7 
Benzol 


Sodi Mccay” ide 


acs 
hee 


(42504 +152 40) 
a 


ae oy ad 


241 gal 


r 


Surplus Acid 
0.675 ton 
Sulphate of Ammonia 
tons 








Benzol Tolvene(CgHsCHs) 
(oesghiciized ) 32 gol. 1125 tons 
Residues 
ond Loss 

67, 


Cre 
(Cig gn on) 


tv) 9 
nzene os “a 
Cotte) we 

17 gol. 


THE NORE COMMUN DEKIVATIVES OF THE DESTRUCTIVE DISTILLATION OF COAL 


Residues and Loss 
102 gol 


reached the commercial stage and one large installation has already been 
built by the German chemical syndicate to produce fuel oils for the German 
market. I am told that this plant went into successful operation a few 
months ago. No data are yet available as to the cost of producing gasoline 
and lubricating oils from coal by this process, in comparison with the 
production of these materials from petroleum, and no statement can be 
made as to the future effect of this important development on the petroleum 
industry. In this connection, however, it is interesting to remember that, 
whereas the known oil fields are bound to be exhausted in a relatively 
short period of time, and new fields must be discovered, the known de- 
posits of coal constitute a reserve for approximately two thousand years 
at the present rate of consumption. What rédle the Bergius process will 
play in the future is still unknown, but it is interesting to note that the 
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Standard Oil Company has already made arrangements with the German 
chemical syndicate for the acquisition of the American rights to the 
process. 

One of the spectacular achievements of chemistry was the development 
of the synthetic dye industry. In 1856 Sir William Perkin treated aniline 
sulfate with bichromate of potash and obtained a precipitate of aniline 
black, from which he procured the coloring matter subsequently known as 
mauve. He lost no time in bringing this substance to the attention of 
the managers of the Pullar’s Dye Works at Perth, and they were so im- 
pressed with the product that Perkin took out a patent for his process. 
With the aid of his father and brother, he erected a small plant at Green- 
ford Green, near Hanover, England, for the manufacture of the newly dis- 
covered coloring matter, and by the end of 1857 the works were in oper- 
ation. ‘That day may therefore be reckoned as that of the foundation of 
the coal-tar industry, which has since attained such important dimensions. 
It was in Germany, however, 
that the aniline dye industry 
grew to its fullness. Perkin 
coéperated in the early part of 
this development work in Ger- 
many, andaconstantly growing 
number of dyes were placed 
upon the market. The Bad- 
ische Anilin-und-Soda Fabrik 
spent five million dollars and 
seventeen years in chemical 
research before they could Copper Converters at Anaconda. 
make indigo, but by doing so 
they gained the monopoly of the world’s production. One hundred 
years ago indigo cost as much as $4.00 per pound; in 1914 it was 
selling at fifteen cents a pound. Even the pauper labor of India could 
not compete with the German chemists at that price. At the be- 
ginning of the present century, Germany was paying more than three 
million dollars a year for indigo. Fourteen years later, Germany was 
selling indigo to the amount of twelve million dollars. Besides its cheap- 
ness, commercial indigo was preferable because of its uniform quality and 
greater purity. Vegetable indigo contains eighty per cent of impurities. 
Commercial indigo is made pure and of any desired strength, so that the 
dyers can depend upon it. The value of the aniline dye industry is not 
only measured by the value of its output, for it has produced innumerable 
colors of the minutest color gradation from one end of the visible spectrum 
to the other, colors which had never been seen before, but, what is more 
important, these aniline colors can be made absolutely fast and durable. 
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They look better, wear better and they do not injure the fabric. What 
is still more important, they have their origin in a dirty waste by-prod- 
uct of the coal industry, and the large plantations which were formerly 
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Electrolytic tank house—Raritan Copper Works. 


used for the cultivation of plants producing natural dyes are available for 
the raising of foodstuffs or for recreation. 
Recently another very spectacular industry has growr up. ‘The chem- 
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ist found that by nitrating cellulose he obtained an explosive such as 
gun cotton, but if the nitration was stopped somewhat short, the product 
was not an explosive, but a nitro-cellulose having most remarkable proper- 
ties. I am referring here to the manufacture of the so-called pyroxylin 
products which form the basis of many commercial materials, such as 
celluloid, photographic films, lacquers, and many other useful materials. 
Cellulose can also be treated with caustic soda and then dissolved with 
carbon bisulfide. This liquid contains the cellulose in solution in the 
form of cellulose xanthate. On 
acidifying or heating this ‘solu- 
tion the cellulose is recovered in 
ahydrated form. Consequently, 
if this solution of cellulose is 
squirted out of tubes through ex- 
tremely minute holes, into acidu- 
lated water, each tiny stream 
instantly becomes solidified into 
a silky thread, which may be 
spun and woven like that ejected 
from the spineret of the silk 
worm. What is more important 
these threads look like silk and, 
although not as strong as natural 
silk when wet, have certain su- 
perior properties. Since this im- 
portant discovery was made, a 
number of processes have been 
developed for the manufacture of 
artificial silk and the industry 
today has taken on tremendous 
proportions, the production of ; ; : 
ae : Interior of a silo of the Oppau Ammonia 
artificial silk, such as rayon, run- Works, of the I. G. Farbenindustrie at 
ning into tens of thousands of tons Ludwigshafen. _ Storing nitrogenous ferti- 
3 : lizers. Holds 250,000 tons total. (A simi- 
per annum. The poor little silk Jar one to this exploded a few years ago.) 
worm would have had a hard time 
keeping up with the demands of Dame Fashion had our lady friends set out 
to wear as much natural silk as they wear today in the form of a chemical fac- 
tory product. Ofcourse, it was not romantic to think of wearing a beautiful 
gown, the fibers of which were extruded by a worm, but there was the lure 
of importation from the orient and the product cost much money, which 
in itself was a sufficient invitation for our wealthy lady friends to wear the 
finer silks, but today every shop girl wears her silk stockings and every 
woman wears her silk lingerie. The cellulose which makes up the major 
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part of these products grew in the form of trees and after being chewed up 
in huge hogging machines was subjected to chemical purification, put into 
chemical solution, squirted through tiny orifices, collected, treated, and 
dried, spun into threads, woven into fabrics, and dyed with aniline dyes. 
In 1914 the consumption of artificial silk in the United States amounted to 
five million pounds, while the consumption of natural silk amounted to 
thirty million pounds. Ten years later, in 1924, the consumption of 
artificial silk had risen to forty-two million pounds, while the consumption 
of natural silk had mounted to forty-eight million pounds. The consump- 
tion of artificial silk has now far outstripped the consumption of natural 
silk, and nearly all of this artifi- 
cial silk used for domestic con- 
sumption is made in the United 
States. Aside from artificial silks, 
varnishes, and celluloid, the de- 
rivatives of cellulose find use in 
coatings for airplane wings, in 
cellophane, which is so extensively 
used at present as a transparent 
wrapping for packages, and now 
they are even producing a color- 
less, non-breakable, transparent 
material to be used as a substi- 
tute for window glass. 

These chemical products, as has 
already been shown, often surpass 
natural products in many ways. 
Some have exceptional character- 
istics, but allof them have uniform 
properties which make their utili- 
zation reliable and definite. A 
very interesting and useful im- 
provement on natural products is that of the synthetic resins. Baekeland 
found that he could form a condensation product from a mixture of phenol 
and formaldehyde, and this product, chemically speaking, is a resin. It 
has superior properties, however, in that its composition is definite and 
consequently its characteristics are uniform. ‘This material has found 
its way onto the market under the name “Bakelite,” and it is now used 
for a thousand different purposes; for example, in the manufacture of ciga- 
rette holders, jewelry, telephone instruments, radio dials, insulators, and 
innumerable other devices and paraphernalia. It has largely supplanted 
hard rubber as well as natural amber, and is also used in the preparation 
of numerous lacquers such as formerly were made from natural resins. 





Drawing glass. 
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Another development along this same line is a condensation product 
made from casein, the curd of milk. In many metropolitan districts the 
consumption of cream has become so great that it is difficult to dispose of 
the skimmed milk. This skimmed milk is now relieved of its casein, and 
the casein is chemically treated to produce various materials which are 
sold on the market under such trade names as Galolith, Karolith, etc. 
This material is also used for the manufacture of cigarette holders, fountain 
pens, combs, toilet articles, and the like. 

One of the most important results of chemical research has been in the 
field of metallurgy. It was only 
a few years ago that the indus- 
trial world had available for its 
needs only the various pure metals 
and such simple alloys as steel, 
bronze, and brass. ‘Today there 
are a thousand alloys having a 
thousand different properties, and 
a great many operations which 
are being performed today would 
be utterly impossible if these 
alloys were not available. Take, 
for instance, the high-speed ma- 
chine operations which have been 
made possible only through the 
development of tungsten steel, 
vanadium steel, and similar alloys. 
Or consider the compact high 
duty power plants such as we 
have in our automobiles. These 
would be absolutely impossible of 
achievement without modern 
secs, Whe Sot cimy Leavin Distillation apparatus for producing benzene, 
great strength, but which are toluene, naphtha, and motor fuel. 
largely immune to the crystal- 
lization and cracking which limit the usefulness of ordinary carbon steel. 
Or consider tough manganese steel, such as is used in armor plate and guns. 
Leaving the steels, we come to such new products as the hardened alu- 
minum alloys, such as are used in airplanes and dirigibles, both of which 
would be well-nigh impossible of achievement if it were not for the avail- 
ability of structural materials which only a few years ago were entirely 
unknown. Mention should be made of the chrome-iron alloys which are 
resistant to ordinary corrosion and which now are selling on the market 
as stainless steel. Mention should also be made of the beautiful copper- 


Dy 


DD) 


WD) 
) 





1612 JOURNAL OF CHEMICAL EDUCATION DECEMBER, 1928 





nickel alloy, sold under the name of Monel metal, which is rapidly re- 
placing German silver on the one hand and pure nickel and nickel-plated 
material on the other. No time is available even for a mere recitation of 
the names of the various alloys which have been produced during the 
past few years, each one of which finds its own particular use in industry. 

Another important metallurgical development has taken place in con- 
nection with electroplating. It is now not only possible to electroplate 
copper, nickel, and silver, but we have such new products on the market 








~ 


Chemical stages in the manufacture of photographic film. 


as chromium plate. The thin film of chromium which is applied not only 
gives a beautiful surface, but is entirely resistant to corrosion by most 
of the common chemicals which are encountered in daily life and ordinary 
industrial operations. 

It is unnecessary even to mention the enormous operations which are 
carried on today for the refining of metals by electrolysis, and this word 
“electrolysis’”’ brings to mind the huge chemical industries which have 
been established for the production of chlorine and caustic soda, by the 
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electrolysis of common salt, the electrolytic manufacture of chlorates, 
perchlorates, hypochlorites, etc. These operations suggest the large line 
of products which now are being manufactured in electric furnaces, 
both of the are and resistant type; such materials as calcium carbide, 
carborundum, artificial graphite, ferro-silicon, ferro-chrome, alundum, and 
a dozen other products. We also have the huge aluminum industry, the 
manufacture of magnesium metal, calcium, sodium, potassium, etc. 

To give a complete review of the present-day chemical industry would 
be well-nigh impossible. It is only necessary to call attention to the im- 
portant part which chemistry has played in the development of the petro- 
leum industry, the fertilizer industry, the gas industry, the rubber indus- 
try, the soap industry, the paper industry, the cement industry, the 
ceramic industry, and so on through practically the entire list of present- 
day industrial operations. ‘The development of photography would have 
been entirely impossible if it had not been for the work of the chemist. 
Today the study of photo-chemical reactions is carrying us into entirely 
new fields, leading toward the direct utilization of radiant energy for the 
production of useful chemical reactions, such as are now effected by the 
chlorophyl in the leaves of our growing plants, where the radiant energy 
from the sun produces a reaction between carbon dioxide and water in the 
synthesis of cellulose and the myriad other products which are found in 
the tissues of living plants. 

Although this discussion has been limited to a review of new develop- 
ments, it must not be forgotten that one of the most important and far- 
reaching contributions of chemistry to industry has been made by the 
analytical chemists. These men are now to be found in every factory 
of consequence in all civilized countries, and it is their work which is 
depended upon for the choice of raw material, the regulation of manu- 
facturing processes and the control of finished products. Without these 
chemical watch-dogs constantly guarding the factory operations, present- 
day industry would lose its governor and would end in disaster. These 
analytical chemists do not play so picturesque a réle as that enacted by the 
inventors of revolutionary processes, but we must give them credit for 
making modern operations possible. 

No time is available for even outlining the useful results which have 
already grown out of the recent studies on the structure of the atom. 
A few years ago the electron was not even suspected. ‘Today almost 
every one of us is shooting out electrons in his own home from hot surfaces 
in highly evacuated tubes, and by doing so is listening to concerts and 
speeches given at distant points, receiving these messages by virtue of the 
electromagnetic waves rushing back and forth through the ether. All of 
this would have been impossible if it had not been for the work of the 
chemist. 
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The old dream of the alchemist of transmutation of base metals into 
gold has certainly come true—although not in the way he contemplated. 
The second dream of the alchemist is also coming true, at least in part. 
Although we have given up hope for an elixir of life which can maintain 
youth everlastingly, we have, through our recent researches in biochem- 
istry, found such specific remedies as adrenalin, insulin, thyroxylin, pitu- 
itrin, and too many others to mention. We also have found those mys- 
terious substances, the vitamins, which in infinitesimal quantities will 
effect the functioning of the human body, and without which human life 
apparently would vanish from the earth. 














Light Color Change Gives New Insight into Structure of Matter. A very recent 
discovery by a Hindu scientist, Prof. C. V. Raman, that intense light of a single color 
is partly changed to other colors when it shines on various transparent substances 
“opens up a wholly new field in the study of molecular structure.”” This statement 
was made recently by Prof. R. W. Wood, of the Johns Hopkins University, in announc- 
ing that he had completely verified Prof. Raman’s discovery in the private laboratory 
of Alfred L. Loomis, Tuxedo Park, N. Y. 

According to Prof. Wood, who has just completed an investigation of the subject 
with improved apparatus and a more powerful spectroscope than the one employed 
by Raman, the effect occurs when monochromatic light, which is light of a single color 
and, unlike white light, is entirely of a single wave-length, shines on transparent sub- 
stances such as quartz, chloroform, or water. ‘The light that is scattered from the 
material is mostly of the same color, or wave-length, as that of the light illuminating 
it. The spectroscope, the instrument that analyzes light, shows, however, that part 
of the light is changed to wave-lengths a little longer or a little shorter than the source. 
On the spectrum photographs the result is a heavy line attended on either side by 
narrower and fainter lines. ‘The fainter groups of lines on one side are the same as 
those on the other, except that they are reversed, as if reflected in a mirror, the center 
line being the mirror. Prof. Raman found only a single and very faint line on the high 
frequency side of the exciting line, but Prof. Wood has found groups of lines on this 
side almost as strong as the groups on the other in the case of carbon tetrachloride and 
chloroform. 

The importance of the discovery comes from the fact that the difference between 
the frequencies of the light given off and those of the light which shines on the substance 
is precisely the same as the frequencies of the absorption bands of the same substance 
for infra-red light—light which is vibrating too slowly to be seen or to be recorded 
on the photographic plate without great difficulty. By means of the Raman effect, 
the physicist can now study these bands of absorption indirectly. 

Prof. Wood also pointed out that the effect was one of the most convincing proofs 
of the quantum theory of light, which supposes that light consists of separate pulses 
or “quanta,” rather than waves, as was formerly supposed. Only by the quantum 
theory, he thinks, can the effect be explained. 

Most of his research was done with crystalline quartz, or such liquids as chloroform 
and carbon tetrachloride, illuminated with a mercury vapor arc lamp. He is now 
planning to repeat the work with a spectroscope of 40 feet focus, which will give even 
more convincing results than those he has now obtained.— Science Service 
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THE CHEMISTRY OF THE RED AND BLUE PIGMENTS OF 
FLOWERS AND FRUITS. PART II 


Ernest H. Huntress, MASSACHUSETTS INSTITUTE OF TECHNOLOGY, CAMBRIDGE, 
MASSACHUSETTS 


The Occurrence and Isolation of the Anthocyanins 


Having thus described! the very simple relationships existing between 
pelargonidine, cyanidine, and delphinidine, and digressed briefly to illus- 
trate the methods by which their supposed structures have been so abun- 
dantly confirmed by synthesis, it will now be appropriate to consider the 
natural occurrence of the corresponding anthocyanins in the flowers and 
fruits. Twenty-one glucosidic compounds of these anthocyanidines have 
been isolated by the work of Willstatter and Karrer. They have usually 
been designated by names in which a root indicating the plant source is 
terminated by the suffix “‘in’’ to emphasize the glucosidic character and to 
distinguish the substance from the corresponding anthocyanidine obtained 
on hydrolysis. In many cases these root names are derived from the 
Latin botanical nomenclature. 

In the accompanying Table I the names of these twenty-one anthocy- 
anins are so tabulated as to indicate not only the source of the material 
but also the particular anthocyanidine and the number and kind of carbo- 
hydrate molecules with which it is associated. ‘The parenthetical numbers 
refer to the bibliography at the end of this article. Mixtures of anthocy- 
anins usually occur in any given source but this table lists only those 
individuals which actually have been isolated. The entries under the 
heading of indefinite combinations represent cases in which the indicated 
anthocyanidine was detected but where the exact mode of combination 
was not fully examined. The presence of the designated organic acids 
was detected from salvianin, monardein, gentianin, and delphinin: nothing 
is yet known with regard to the mode of combination of these acids in the 
original anthocyanin molecule. 

The proportion of anthocyanin in the various flowers varies through a 
wide range. In the first case studied by Willstatter, that of the blue 
cornflower, the cyanin content is only about 0.75% of the weight of the 
dried flowers. Since subsequent experience showed that this is the smallest 
percentage of coloring matter in any of the flowers studied, the glory of the 
achievement is all the greater. In the more deeply colored blossoms, how- 
ever, the pigment contents are generally higher. In deep blue-violet corn- 
flowers the cyanin content has risen to 3.6% of the dry weight: in the deep 
bordeaux shades it may be 13-14%. ‘The cyanin content of the deep 
red dahlia constitutes 20% of its dry weight and represents the best source 
of this particular glucoside. 

1See Tus JournaL, 5, 1392-8 (Nov., 1928). 
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“TABLE I 


ANTHOCYANIN DERIVATIVES OF: THE THREE SIMPLE ANTHOCYANIDINES 





Pelargonidine Cyanidine Delphinidine 





MONOGLUCOSIDES 
Callistephin—summer aster|Asterin—summer aster (14)|Gentianin—common __ blue 

(14) Chrysanthemin—winter]| gentian (18). Hydrolysis 
Pelargonenin—from_ sal-| aster (13) gives also -hydroxy - 


vinin of salvia (12) cinnamic acid 





MONOGALACTOSIDES 
Idaein—cranberry (8) 





DIGLUCOSIDES 
Pelargonin—scarlet pelar-|Cyanin—blue cornflower(6)|Delphinin—larkspur (10) 
gonium (9) Cyanin—deep purple corn-|Hydrolysis gives also p- 
Pelargonin—orange-red| flower (11) hydroxybenzoic acid 
dahlia (11) Cyanin—rose (7) 
Pelargonin—red cornflower|Cyanin—deep red dahlia(11) 
(11) Mekocyanin — _ double 
Salvianint* purple-scarlet poppy (17) 
Salvin » -red salvia (12) 
Salvinin \ 
*Hydrolysis gives also 
malonic acid 
Monardein—bee-balm (18) 
Hydrolysis gives 
Monardin (possibly iden- 
tical with pelargonin) and 
p-hydroxycinnamic acid 
Punicin—pomegranate (18) 








RHAMNOGLUCOSIDES 
Keracyanin—sweet cherry}Violanin—blue-black pansy 
(15) (16) 
Prunicyanin—sloe (15) Vicin—dark red vetch (18) 
Sambucin—elderberries (18) 











INDEFINITE COMBINATIONS 


Anthocyanidines from rad-|Anthocyanidines from zin- 
ishes (12), scarlet red} nia, gaillardia, gladiolus, 
gladiolas (13) sneeze-weed, tulip, nas- 

turtium, raspberry, red 

currant, fruit of moun- 

tain ash (13, 15) 














The percentage pigment obtained from the dried petals of some other 
flowers is listed in Table IT. 
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TABLE II 





Anthocyanin 


Flowers 


% Pigment 





Delphinin 
Peonin 
Salvianin 
Malvin 
Pelargonin 
Chrysanthemin 
Callistephin ) 
Asterin j 
Althaein 
Petunin 
Violanin 


Wild purple delphinium 
Deep violet-red peony 
Red salvia 

Wild mallow 

Scarlet pelargonium 

Deep red chrysanthemum 


Asters 


Hollyhock 
Petunia 
Dark blue-black pansy 


1.75 
3-3.5 
6 

6.4 
6.6-7.1 
7 


7.4 


11 
15.5 
33 

















The proportion of violanin in the pansy represents the highest anthocyanin 
content found during Willstatter’s investigations. 

The processes for the isolation of the pure anthocyanins from flowers and 
fruits represent in some respects the most outstanding feature of Willstat- 
ter’s remarkable work. Quite apart from the obvious difficulties inherent 
with working with the necessarily large quantities of raw material and 
solvent and the troublesome solubility relations already mentioned, many 
other difficult chemical problems had to be solved. For example, it was 
necessary to devise not only some means of separating the anthocyanins 
(themselves glucosides) from the accompanying starches, gums, pentosans, 
and other water-soluble or colloidal material, but also methods of mini- 
mizing a tendency on the part of certain of the pigments to change over 
during treatment to a colorless form. Although these studies of the 
isolation of anthocyanins are marvels of ingenuity and patience and will 
be an inspiration to any chemist who will refer to the original papers it is 
impossible to speak of details here. 

For raw materials there could be used either the fresh flowers or com- 
mercially dried petals. ‘The objections to the use of fresh flowers arose on 
one hand from the consequent necessity of carrying out their treatment at 
fixed times and places and involving the simultaneous collection of a very 
large number of blossoms, and on the other from the possible complica- 
tions due to the presence in the fresh flowers of plant enzymes in active 
form. Substitution of dried for fresh petals obviated both these difficulties 
but hazarded the loss of anthocyanin through decomposition during the 
drying. ‘This difficulty proved to be negligible, however, and dried petals 
were mainly employed. In certain cases, like that of the red poppy, it 
proved necessary to use the fresh blossoms: Willstatter (Ref. 17) mentions 
the interesting fact that although the poppy field at the experiment station 
was picked clean each day, the next morning found a fresh brilliant red 
surface of new blossoms. 





1618 JouRNAL OF CHEMICAL EDUCATION DECEMBER, 1928 





The solvent chosen for the extraction of the pigment from the flower 
petals or berry skins varied according to the nature of the particular 
anthocyanin. In the case of the cornflower, water alone sufficed: for 
the rose, hollyhock, mallow, peony, and huckleberry, a dilute (2%) solu- 
tion of hydrochloric acid in methyl alcohol was employed: for the larkspur 
and scarlet pelargonium, dilute alcohol proved suitable: glacial acetic acid 
was used for the cranberry, grape, salvia, winter and summer aster, petunia, 
and pansy. Following the preliminary extraction the anthocyanin was 
precipitated in very impure form by addition of another liquid, usually 
ether, and the crude precipitate thus obtained subjected to an exhaustive 
and laborious series of fractional solutions and reprecipitations. These 
operations ultimately raised the purity of the material to a degree which 
warranted further treatment by conversion to and crystallization of the 
picrate or chloride or both. Throughout the procedures Willstatter 
followed the progress of the purification by colorimetric comparison of 
the samples with known standards prepared from preliminary experiments. 

Since the colors both of red and blue flowers appear to be traceable to 
the same anthocyanin or at least to a few similarly constituted individuals, 
the question arises as to how the great variation in effects of shade and 
tint as well as color itself may be accounted for. The answer appears 
to be two-fold in character, including on one hand the results attributable 
to mixtures of anthocyanins one with another or with pigments of other 
types, and on the other the variation of a given anthocyanin produced by 
its environment. 

In pursuing the first of these causes it may be noted that in a number of 
instances several different anthocyanins were found in the same source. 
Thus from the dark purple-red cornflower both cyanin and pelargonin 
were isolated: in one violet-red variety of Pelargonium zonale more cyanin 
was found than the expected pelargonin. Furthermore, it appears that the 
characteristic anthocyanin may vary from one variety to another of the 
same species: for example, although certain deep brownish red dahlias 
contained as much as 19.4% cyanin and formed the most favorable source 
of this material, yet other scarlet red varieties contained 4.0-5.6% pelar- 
gonin (Ref. 12). Since each anthocyanin possesses a characteristic color 
under given conditions it is plain that considerable color variation may 
arise from pigment intermixture. Furthermore, the admixture of yellow 
pigments with the anthocyanins strongly influences the resultant color. 
There are three types of these: first, the inert carotinoids, principally caro- 
tin, a hydrocarbon (C4oHss), which is responsible for the color of carrots, 
and xanthophyll (CioH;O2), one of its oxidation products: second, the 
glucosidic flavone and flavonol colors; and third, the little known dis- 
solved pigments designated as anthochlors. 

As another important source of color variation for cases where pigment 
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intermixture may not be involved there should be considered the variation 
in concentration of the particular anthocyanin which is present. Certain 
of these are able to isomerize to a colorless form and this cause alone may 
serve to produce color variations in different parts of the same flower. 
Even apart from this phenomenon, light and deep colored specimens of the 
same flower often showed pronounced differences in pigment content. 
To the instances already cited in discussing pigment content may be added 
another: the bluish red blossoms of one pelargonium contained 0.97% 
pelargonin on the dried weight, another deep violet-red specimen gave 
14.1%. The same difference in concentration of colored pigments may 
even be exhibited in a single flower: in one large purple dahlia the cyanin 
content of the inner petals was 23.7%, that of the outer petals 15.1%. 
Even more interesting than these predictable concentration effects is 
the influence of the acid or basic character of the cell fluids, or in other 
words their pH. It will be recalled that the anthocyanins are amphoteric 
substances which form salts both with acids and bases. It was concluded 
by Willstatter that the red forms of anthocyanin represented combinations 
with acids, the blue forms salt formation with alkalies, and their purple 
forms an intermediate neutral condition. In the scarlet pelargonium the 
anthocyanin was found combined with tartaric acid; in the cranberry, 


citric, benzoic, and gallic acid occur abundantly; the blue cornflower was 
found to contain its cyanin largely in the form of potassium salt; the 
violet blossoms of larkspur contained delphinin in neutral condition. 
Karrer has reasoned that if this be true then blue flowers should yield a 
higher percentage of ash than red and, noting the meager data, has reported 
(Ref. 19) the results of analysis of some flower ash. ‘These are reproduced 
in Table III. 


TABLE III 


AsH CONTENT OF RED AND BLUE FLOWERS* 





Total 
ash SiO2 Nz % Mg 








Red blossoms 
Pomegranate 4.29 | 11.9 : .¢ 1.37 
Peony 4.66 | 2.4 | 30.5 | 2.6 : Traces 
Pink 6.34 2.77 | 38. : : ? 








Blue blossoms 
Violet 10.0 5.8 29. 4. 8 ren 
Wood mallow 13.8 14.3 42. 3. 6 3.5 
Cornflower Let 7.3 UZ 4. .2 | Traces 
“Black malve”’ 9.1 1.1 25.4 | 4. .3 | Traces 






































* Data for individual metals and radicals is given in per cent of total ash. 


It is plain that these data support this view. 
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Discovers How to Dye Rayon Evenly. Rayon stockings for women or shirts for 
men can now be dyed more evenly as a result of the discovery of why light stripes some- 
times appear even in the best regulated plants. At the recent meeting of the Dye 
Chemistry Division of the American Chemical Society at Swampscott, Robert W. 
Jaeger, of Armour and Co., told of his latest researches. 

Sometimes in dyeing rayon skeins, one skein will be found to be much brighter 
than the others, or if the rayon is woven in the piece with some other material, the 
lighter stripes will appear. The reason for this is that the offending fibers are not 
perfectly round, as they should be. ‘Though manufacturing methods have been im- 
proved, so that this defect is not as common as it used to be, it still occasionally occurs. 
Microscopic examination of each fiber to see if itis round is impossible, so that methods 
have been discovered of making the dye stick even to the uneven fibers. The more acid 
a dye is, the more evenly it dyes. 

It has also been found possible to test the dyes without actually applying them to 
the rayon. ‘This is by measuring how high the color rises in a strip of absorbent paper 
that is dipped into it. The higher a dye rises, the better it is for the purpose.— Science 
Service 
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KNOW YOUR FOODS. I. OLEOMARGARINE* 


H. A. SCHUETTE, UNIVERSITY OF WISCONSIN, MADISON, WISCONSIN 


There is no food, be it raw or manufactured, that passes over the grocer’s 
counter but hasits history. The thought that, peculiar to every food, there 
are some facts not only of historical but of scientific interest as well, which, 
if translated into the vernacular, will arrest attention, has prompted us to 
prepare a series of discussions in the hope that we may accomplish what we 
have expressed in a somewhat mandatory fashion to the end that we may 
bring to light information not generally known. Perhaps we should ad- 
monish you to know your groceries, if you know what we mean. 

The last war gave rise to a rather descriptive expression in the industries 
—‘“‘war baby.”’ Not many of the infant industries which are created by the 
exigencies of war survive, yet there is one which, born in a period of na- 
tional stress, has lived to date some fifty-five years. Its product, oleo- 
margarine, forms the subject of this discussion. 

Let us go back and follow through the history of oleomargarine manu- 
facture. A French chemist, Mége Mouries, shortly before the Franco- 
Prussian War, was conducting experiments in the hope of finding a formula 
that would give to the world in some palatable form a satisfactory sub- 
stitute for butter. Napoleon III had offered a prize to stimulate the search 
for an article of food which would be cheaper and have better keeping 
qualities than butter, and which could be used as a substitute for butter. 
The prize for this discovery was awarded in 1870 to Mége Mouries. A 
somewhat colorful circumstance with which some surround the birth of 
oleomargarine is that Paris lay under siege by the Germans, its supply of 
butter was completely shut off, and as a result a prize was offered to any one 
who would first produce a fat that could be used by the inhabitants of the 
beleagured city in place of butter. From other sources we learn that its 
manufacture was suspended with the outbreak of the war in 1870. Be 
that as it may, however, it is probably not incorrect to say that oleomarga- 
rine was conceived during, or at about the time of, a national crisis and 
therefore, in popular parlance, lays some claim to having been a “war 
baby.” 

Mége Mouries sought the solution of the problem in the substitution of 
an artificial for the natural process as he pictured it taking place in the 
cow, for he had found by experiment that a cow although restricted in her 
food to the point where she was losing weight still gave milk containing 
butter fat. He inferred from this observation that the source of this 
butter fat was her body fat which by metamorphosis had been secreted as 
such. From beef he obtained a fat, it is said, ‘‘which melted at almost the 

* A lecture by radiophone broadcast from Station WHA, University of Wisconsin, 
February 15, 1928. 





1622 JouRNAL OF CHEMICAL EDUCATION DECEMBER, 1928 





exact temperature of butter, possessed a sweet and agreeable taste, and 
which for most purposes could replace ordinary butter, not, of course, the 
finest kinds, but which was superior to it in possessing the advantageous 
peculiarity of keeping for a long time without becoming rancid.”’! He 
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believed it necessary to add in the rendering of the raw fats ferments con- 

tained in the gastric juices of a pig, a calf, or a sheep in order to develop 

those “sweet and agreeable tastes’ which he claimed for his product. 

Later developments in manufacture indicated that this practice was quite 
1U.S Dept. Agric., Div. Chem. Bull., 13, 9 (1887). 
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unnecessary. Letters patent 146,012 for the manufacture of his butter 
substitute were granted him in the United States on December 30, 1873. 
His patent possesses at this time only historic value because later develop- 
ments have rendered practically obsolete his original process of manu- 
facture. 

Thus was born, for very innocent reasons, a new industry whose product 
unfortunately soon entered into unfair competition with genuine butter. 
“Dutch butter,’’ “‘butterine,’’ etc., were names given to this article of food 
but their use was eventually suppressed by law. Because of the fraudulent 
sale of this food at times special laws were enacted to govern its manu- 
facture and sale. The former was really a disguised blessing, for the 
manufacturers of modern oleomargarine now point, we believe, with some 
pride, to the fact that no article of food is so completely supervised and 
controlled by the Federal Government as oleomargarine, for no ingredient 
of oleomargarine that contains animal fat escapes this detailed supervi- 
sion. It begins with the raw material and extends through to the label- 
ing of the finished product. 

There is but little difference in the degree of digestibility and the energy 
of the common edible fats. Although fats have very little if any flavor yet 
it can be imparted to them to a certain degree. Science has demonstrated 
how liquid fats can be easily changed into soft or into hard fats. The 
manufacturer of oleomargarine renders his service to humanity in that he 
in a sense increases the supply of fatty foods by utilizing the less expensive 
yet valuable food fats, making them more palatable, and changing them 
from an inconvenient liquid form to one of a soft or hard consistency. 

In making oleomargarine the manufacturer ripens pasteurized milk to 
that point where it will impart an agreeable flavor to the fats and oils which 
he prefers to use in his product. The mixture of ripened milk and fats 
and oils is agitated, chilled, and worked to remove the excess of water 
from it. It is salted to taste, molded into prints, and packed. Simplicity 
marks the whole process, which is one that is based on scientific principles. 
Extreme cleanliness is practised that a product of the desired quality may 
be obtained. 

That oleomargarine as it now leaves the factory is wholesome, pure, 
and clean, and possesses good food value cannot be questioned. No public 
health problem seems to be involved in the modern product. It is the only 
article of food except meat and meat products that is under government 
inspection and supervision. ‘The Bureau of Animal Industry controls the 
labeling of it when it contains any animal fat. The Bureau of Internal 
Revenue controls the labeling of every pound of it regardless of its compo- 
sition. The Food, Drug and Insecticide Administration has authority to 
prevent any adulteration or misbranding of it. 

Only two kinds of oleomargdrine are made in this country. One is made 
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of animal fats, vegetable fats, salt and milk. The other, which is popularly 
referred to as “‘nut oleomargarine,”’ is made of vegetable fats, salt, and milk. 
Though there is nothing in its composition to suggest the same origin as 
the type of oleomargarine first developed by Mége Mouries, yet the same 
name is applied to it because of a statute requirement that butter sub- 
stitutes of this type be labeled oleomargarine. 

The principal raw materials which are at present used in the manufacture 
of the several types of oleomargarine are oleo oil, oleo stock, oleo stearin, 
neutral lard, peanut oil, coconut oil, cottonseed oil, milk, butter, and salt. 
Every manufacturer of oleomargarine uses that combination of these in- 
gredients which best suits his purpose. All of them, it should be said, are 
never put into any one brand of oleomargarine. 

The names of most of the foregoing substances are sufficiently descriptive 
of themselves to call for no further comment. A few, however, bear 
description. 

Oleo oil, oleo stearin, and oleo stock are prepared from beef fat by suc- 
cessive steps of heating, settling, clarification, crystallization, and pressure. 
Oleo stock is nothing more than beef fat which has been rendered at a low 
temperature. It is a mixture of several fatty compounds, some of low 
melting point and others of higher melting point. This oleo stock is by 
mechanical means separated into its low melting-point fraction, or olein, 
and stearin, which has a much higher melting point. The former portion 
is known as oleo oil. 

Neutral lard is rendered from the choicest portions of hog fat, the leaf, 
by a process very much like that used in the preparation of oleo oil. It 
gets its name from the fact that it is neutral in flavor, odor, and taste. 

Coconut oil is a product of the tropics, the fruit of the palm tree. Peanut 
and cottonseed oil are largely the products of the temperate zones. Both 
oils find use as salad oils. 

Milk seems to be indispensable in the manufacture of oleomargarine. 
It is a natural emulsion and an excellent emulsifying agent itself. Before 
a mixture of fats can be made into a product having the texture, appearance 
and consistency of oleomargarine, the latter must be emulsified. The 
addition of milk facilitates this operation. And then, too, milk when 
“ripened”’ or sour is the source of the flavor or taste of oleomargarine, a 
very necessary consideration since the fats which are used in making 
oleomargarine have been refined to the point where they have no taste or 
flavor. 

In the manufacture of oleomargarine it is desirable that its ingredients 
be brought together in such a manner that the combination be pleasing in 
appearance, convenient in texture and consistency, and satisfactory in 
flavor. ‘To that end pasteurized milk is used. A ‘‘starter’’ is then added 
to it in order to produce a pure fermentation or souring. ‘To this milk are 





Vou. 5, No. 12 Know Your Foops. I. OLEOMARGARINE 1625 





then added the fats and oils and the whole thoroughly agitated in churns 
until a complete emulsion is formed. ‘The latter is then generally drawn 
off into a spray of ice water that the fats of the emulsion may crystallize. 
The resulting product has the texture and appearance of freshly 
churned butter. Water is then worked out of the product and salt added. 
Since there is a tax of ten cents per pound on artificially colored oleomar- 
garine, very little is colored in the factory. The use of artificial color is 
discretionary with the consumer. If he wants his oleomargarine colored, 
he must do it himself. 

No discussion on oleomargarine can fail to include some comments on its 
food value and digestibility, for it is in this direction that much confusion 
exists. Dr. Charles Harrington of Harvard University, in his book 
“Practical Hygiene,” writes: 

Much has been said concerning its digestibility, and alarmists have gone as far as to 
claim that it is indigestible and likely to prove a prolific cause of dypsepsia, quite for- 
getting that the materials from which it is made have held a place in the dietaries of all 
civilized people since long before butter was promoted from its position as an ointment 
to that of an article of food. Many comparative studies have been made on this point 
and the results in general have shown that there is little if any difference. ‘The two are 
to all intents and purposes exactly alike in point of digestibility. 


It was not so very long ago that experiments were made for the purpose of 
comparing the relative food value of butter and a so-called nut oleomar- 
garine. Dr. Philip B. Hawk, who made these experiments, discusses them 
from the standpoint of digestibility and energy values as follows: 

In this investigation we took normal men and fed them these fats as they are eaten 
by the average individual. ‘Then, by means of the most modern of scientific tests, we 
learned how these foods acted in the human body. In other words, we learned what the 
stomach and intestine had to say about vegetable margarine and butter. And when the 
tests were all completed, it was found that the vegetable margarine was just as digestible 
as butter, that it had as high an energy value and that it was just as completely absorbed 
from the intestine. In other words, it was equally as satisfactory a food from the above 
viewpoints as was butter. Such a margarine is also a very economical source of the 
energy-producing fat which we all need. The digestibility and energy values of this 
vegetable margarine being fully equivalent to these values possessed by butter, it 
would seem that the use of it by the public in place of butter is a perfectly sane dietetic 
policy.” 

Another very important consideration, viewed in the light of our newer 
knowledge of nutrition, is the question of the vitamin content of oleomar- 
garine. Dr. Hawk extended his research into these fields also. Briefly 
summed up, his conclusions with respect to this particular type of vege- 
table oleomargarine were as follows: an insignificant difference was ob- 
served in the ‘‘curative” effect produced by good creamery butter and this 
oleomargarine upon young white rats whose diets had been adequate for 

2 P. B. Hawk, “Old and New Ideas of Diet,” Food Research Laboratories, New 
York, 1926, p. 3. 





1626 JOURNAL OF CHEMICAL EDUCATION DECEMBER, 1928 





normal growth in every respect with the exception of vitamin A. Like- 
wise the “‘protective’’ effect of these foods was studied. One lot of experi- 
mental animals was fed upon an adequate diet in which creamery butter 
furnished the vitamin A content, whereas another group was fed on the 
same diet except that this vegetable oleomargarine replaced the creamery 
butter. At the end of the test period of some sixty days the ‘‘oleomargarine 
rats’ had gained at approximately the same rate as the “‘butter rats.”’ 

Vitamin D was also found to be present, but in no greater amount, if 
equal to it at all, than in butter fat. The discussion, therefore, it would 
seem, may very properly center around vitamin A. This vitamin is present 
in greater or less degree in some seventy to eighty articles of food. It is 
abundant in the green leaves of plants, in tomatoes, egg yolk, palm oil, 
beef fat, fish liver oil, pig’s liver oil, kidney, the glandular organs in general, 
carrots, sweet potatoes, yellow corn, and in milk and its products. In 
view of this situation, one may ask does not the person who uses an ordinary, 
well-balanced diet secure enough of this vitamin for satisfactory growth 
and health? It would appear that he does. ‘The oleomargarine that is 
made exclusively of vegetable oils, milk, and salt gets its vitamin A content 
from the milk which is always used in its manufacture. And, in fact, milk 
is used in the manufacture of not only the vegetable type of oleomargarine, 
but in the animal type as well. 

It is only fair to say that there is not unanimity of opinion among those 
who have made investigations on the vitamin content of the vegetable 
oleomargarines. But granting that this type may not have been found 
capable of maintaining satisfactory growth when it was the only source of 
vitamin A in the diet, may it not be proper to ask, in view of the wide 
distribution of this vitamin in nature, do we ever try to live on oleomar- 
garine alone? 

We do not seriously believe that the cow will ever be replaced by the 
coconut or any other plant product in the ‘“‘Who’s Who”’ of the diet. The 
statement of Dr. Hawk that milk always has been and very probably 
always will be the best food for man’s general use, we heartily subscribe to. 
Milk has no substitute. But as for the fat of milk, evidence supports the 
view, we believe, that those adults who, for reasons of taste and economy, 
may prefer oleomargarine, may very well follow their preferences without 
fear of a nutritional deficiency. 


Use of Calcium Chloride. The use of calcium chloride for the laying of dust on 
roads is meeting with general favor in the Provinces of Ontario and Quebec, Canada, 
reports Assistant Commercial Attaché Oliver B. North, Ottawa.—Chem. Markets, 23, 
214 (Aug., 1928). 
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THE CORRELATION OF HIGH-SCHOOL CHEMISTRY WITH 
FIRST-YEAR COLLEGE CHEMISTRY! 


Louis W. MaTTrEeRN, McKINLEY HIGH SCHOOL, WASHINGTON, D. C. 


The correlation of the courses in chemistry as usually taught in high 
schools with the first-year college courses in that subject has become a 
problem of considerable complexity. The professor of chemistry in the 
college receives from different high schools various students who have 
had chemistry with a different content and under different teaching 
methods as well as those who have had no chemistry. This variety in 
preparation from no chemistry to that which may be considered excellent 
preparation in that subject from the standpoint of college chemistry has 
led to dissatisfaction on the part of the college teachers of chemistry who 
have attempted various means of overcoming the inequalities found in the 
usual make-up of the introductory college chemistry classes. It has been 
shown by Koos? that there is much similarity between the content of high- 
school and first-year college courses in chemistry both in classroom texts 
and in laboratory exercises. It is thought by many that this overlapping 
should not exist. 

Likewise, the American Chemical Society has through its committee 
on chemical education recognized this problem in its comprehensive in- 
vestigation of the correlation of high-school chemistry with college chem- 
istry. This society approved the action of its committee in setting forth 
an outline of minimum essentials for high-school chemistry and for first- 
year courses in college chemistry® with a view to reduce to a minimum 
any overlapping of the high-school and college syllabi. Furthermore, an 
objective of this committee was for the colleges to have a different course 
for those students who have had high-school chemistry. 

With this statement of some of the aspects of the problem the following 
information is given showing the attitude of groups of colleges, both public 
and private, regarding the recognition of high-school courses in chemistry. 
This information consists of the answers received from the chemical de- 
partments of these institutions in reply to the question: Is the course 
in general chemistry for freshmen different for those who have had high- 
school chemistry? 


Public Institutions 


Of the replies from 68 out of 80 publicly controlled institutions, the 


1 Taken from a codperative study on ‘“‘Chemistry and Science in College Entrance 
and College Graduation Requirements,’’ made under the auspices of the United States 
Bureau of Education and the American University by the author of this article. 

2 Leonard V. Koos, ‘‘The Junior College Movement,” pp. 275-286, Ginn & Co., 
1925. 

3 Tus JouRNAL, 1, 87 (1924). 
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38 that modify freshman chemistry for those who have had high-school 
chemistry follow; the 30 public institutions that do not modify are not 
given. 

Agricultural and Mechanical College of Texas.—Slightly faster at first. 
A more rapid start. 

Agricultural College of Utah.—Special 15-hour course given for students 
who have had high-school chemistry. It is more advanced, more theoreti- 
cal, and includes a beginning in qualitative analysis. General freshman 
course gives only 10 hours credit. 

Alabama College-—Freshman will have general chemistry. Those hav- 
ing had chemistry will have advanced inorganic chemistry treating more 
thoroughly the theoretical side of the subject. 

College of the City of New York.—Based on high-school chemistry and 
approached from a physico-chemical point of view. 

Colorado Agricultural College.--No knowledge of chemistry is presup- 
posed. Classes are sectioned on a basis of ability for the first semester, 
using Iowa Placement Tests. 

Connecticut Agricultural College.—There is a semester course for all 
students not having had high-school chemistry. There is another course 
for all students in college. 

Hunter College of the City of New York.—Advanced inorganic chemistry 
for prepared students. 

Indiana University—One group includes freshmen having had high- 
school chemistry and upper classmen; another group, freshmen who 
have not had high-school chemistry. 

Massachusetts Agricultural College—Laboratory is synthetic in nature 
and lectures are grouped around laboratory work. A background of 
atomic structure and periodic system is used. The beginners follow the 
usual path. 

Miami University—Laboratory in general chemistry entirely different 
with many quantitative and synthetic experiments. Classroom work 
deals with subject matter in more detail. 

Montana State College of Agriculture and Mechanic Arts.—Different 
sections. 

North Carolina College for Women.—Yes. No details are given. 

Ohio State University——More advanced course. 

Ohio University—There is an advanced course in inorganic chemistry 
which may be taken by students who have made A or B grade in high 
school and may be elective for any who have had general chemistry. 

Purdue University.—More advanced text and laboratory course. 

Rhode Island State College—Different text and instructor. 

State College of Washington.—Variation in laboratory experiments. 

State University of Iowa.—An attempt is made to bring the high-school 
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work at the end of the first semester to the point where other students 
are at the end of the second semester. 

State University of Montana.—\ess descriptive. More emphasis on 
physical chemistry—includes first quarter of qualitative analysis. 

State University of Nevada.—Twice as much time is allowed for labora- 
tory work to those not presenting high-school chemistry. Lectures are 
the same but quiz sections separate. 

University of Akron.—Separate courses are provided for students in- 
tending to major in chemistry but not for those taking chemistry as a 
minor. One year of high-school chemistry is considered equivalent to 
only one-half year of college chemistry. 

University of Alabama.—Taught from the energy standpoint. 

University of Arizona.—Prepared students have more thorough course. 
The freshman class is divided into two classes on the basis indicated. 
Those who have had high-school chemistry go faster and more deeply 
into the subject. 

University of Arkansas.—One semester—5 hours against other 2 semes- 
ters of 4 hours. 

University of the City of Toledo.—lLess advanced work for beginners; 
one more recitation per week. 

University of Delaware.—Separate laboratory courses. Lectures the 
same. Separate quiz sections. ; 

University of Illinois.—One lecture, two quizzes and two laboratory 
hours per week. 

University of Kentucky.—A one-semester course is offered for those who 
have had high-school chemistry but nearly all students prefer to take 
the regular freshman course. 

University of Maryland.—Entirely different through non-metals. 

University of Michigan.—More laboratory for unprepared students. 

University of Nebraska.—More advanced—-is a 3-credit course instead 
of 5. 

University of North Carolina.—Special laboratory course for those who 
have had chemistry in high school. 

University of Oklahoma.—Use a text dealing only with principles from 
an elementary physical standpoint. 

University of Oregon.—Those having had high-school chemistry will 
have 3 hours per week instead of 5 hours (in each case one 3-hour period 
counts 1 hour). ‘The course runs the same hours as the regular 5-hour 
course and students proving themselves not trained to do extensive work 
of good quality will be transferred. 

University of South Dakota.—Use a more comprehensive text and dif- 
ferent laboratory work for those with high-school chemistry credit. 

University of Utah.—A general cultural course, largely descriptive and 
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popular, is given to students not offering high-school chemistry. Chem- 
istry majors, etc., are given a course largely theoretical and mathematical 
for which either high-school chemistry (or physics) or at least one quarter 
of the above general course is prerequisite. The two groups are about 
equal in size. The courses are given by totally different staffs. 

University of Washington.—Lectures the same but laboratory assign- 
ments are different. 

University of Wisconsin.—Yes, if high-school grades are good. Special 
quiz and laboratory section. 

Of the preceding 38 public institutions making special provisions for 
those entering freshman chemistry, 13 modify laboratory work, 2 of 
which specify qualitative chemistry and 1 quantitative experiments, 
4 give more advanced work, 4 use different texts, 3 emphasize phys- 
ical chemistry, and 2 require more inorganic chemistry. Some of the 
other variations are: atomic structure and periodic system, more theoreti- 
cal, separate sections at first but brought together during the year, less 
time for prepared students, sectioned according to ability and entirely 
different throughout non-metals. 

Of the 5 out of 38 making special provision for those not having had 
high-school chemistry, 2 give special laboratory work, 1 gives 5 hours 
instead of 3, 1 attempts to bring unprepared students up to the standard 
and 1 offers a special course. 


Private Institutions 


Of the replies from 83 out of 102 representative privately controlled 
institutions, the 49 that modify freshman chemistry for those who have 
had high-school chemistry follow; the 34 private institutions that do not 
modify are not given. 

Amherst College.—Slightly more difficult. 

Baker University Laboratory work more extensive and intensive. 

Barnard College.—Same lectures (2 per week). Different quiz sections 
and problems. Different laboratory work which is much more difficult— 
considerable quantitative work and exercises in planning and carrying out 
experiments. 

Bates College.—Different texts. More drill work on problems and equa- 
tions, etc. 

Beloit College-—Laboratory work adjusted to meet needs of students 
who have had high-school chemistry. More speed in classroom work. 
A different text is used. 

Boston University—Two courses: A for no chemistry is standard course; 
B for high-school chemistry entrants, omits much descriptive matter, 
has different experiments and includes topics based on high-school chem- 


istry. 
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Carnegie Institute of Technology.—Less time to elementary work of first 
semester. Laboratory work more advanced. 

Colorado College.—Different sections, instructors, and texts. Students 
continuing the subject from either section go into the same class in quali- 
tative analysis the next year. 

Connecticut College for Women.—First semester—principles of general 
chemistry. Second semester—elementary qualitative analysis. 

Cornell College.-—More emphasis on theory. 

De Pauw University.—Those who have had no high-school chemistry get 
extra coaching the first 6 or 8 weeks. 

Erlham College.—All students are sectioned on basis of ability. ‘Those 
having had a high-school course start out in the higher section unless they 
are lacking in some manner, as shown by placement examination. 

George Washington University.—Different courses having one less lec- 
ture per week for students having had high-school chemistry; laboratory 
time the same. 

Goucher College—A one-semester course of 3 semester hours given to 
those who have had high-school chemistry, covering essentially the same 
ground as the beginners in 6 semester hours. 

Harvard University—Yes. No details given. 

Haverford College—One half-year course with emphasis on theory, 
problems, and industrial processes; followed by second half-year of quan- 
titative analysis. 

Johns Hopkins University.—Separate laboratory courses and quiz sec- 
tions for those who had no previous chemistry. Sections move the same 
for both classes of students. 

Knox College.—Class in general chemistry is divided for administrative 
purposes into two sections. ‘The separation suggested in the question is 
desirable. 

Leland Stanford Junior University.—All high-school students must take 
a placement examination if they go on in chemistry. ‘Those who fail go 
along with students who have had no chemistry. ‘Those who pass form 
an advanced group. ‘The former group takes an extra lecture course of 
three units. 

Lehigh University——More advanced textbooks and laboratory work. 

Maryville College. More theory and problems; more detailed and 
difficult; and more inclusive all around. 

Mount Holyoke College.—Greater emphasis on theory and more extensive. 

Northwestern University.—Slightly more advanced treatment with more 
physical chemistry and problems. 

Ohio Western University.—More time is devoted to qualitative and less 
to general chemistry. After the first year the two sections enter the same 
class. 
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Princeton University —Yes. No details given.‘ 

Radcliff College-—Half as long; one-half year instead of one year. 

Rice Institute—Laboratory work more quantitative in character. 

Smith College-—High-school chemistry students placed in course or 
courses by themselves and there is a combined course saving a year for 
the exceptional students. 

Syracuse University.—Different instructors, texts, and laboratory ex- 
periments. More principles of chemistry and less description. 

Trinity College, District of Columbia.—In laboratory work different 
methods for preparation of substances and more quantitative experiments 
assigned. Separate divisions for lecture and recitation. 

Trinity College, Hartford, Connecticut.—Have a more advanced text 
and different laboratory manual. 

Tufts College-—Yes. No details given. 

Tulane University of Louisiana.—Students who at the end of two weeks’ 
review in general chemistry can successfully pass a quiz on the review 
take general inorganic and qualitative analysis. ‘Those who do not pass 
are put in a separate section with a simpler text and less advanced labora- 
tory work. ‘Those who enter the class without any chemistry take a course 
in college general chemistry. 

University of Buffalo—Those who have had high-school chemistry are 
permitted to take an examination for exemption from first-year chemistry. 

University of Chicago.—Those who have had no high-school chemistry 
take a 10-hour course; the others a 7-hour course. The textbook for the 
former is different from that of the latter. The 10-hour course is more 
descriptive. 

University of Notre Dame.—Up to date, only the laboratory work has 
been different—stressing the quantitative side of the work. Plans are 
being made to make the classroom work different also. 

University of Pittsburgh.—Course for those without high-school chem- 
istry is more elementary, more time devoted to lecture and first half of 
text is covered more slowly. 

University of Rochester.—General discussion of matter is about the same 
but the advanced class goes much more thoroughly into the general laws 
of chemistry and their mathematical applications. 

University of Southern California.—Beginners have three hours of lec- 
ture and a simpler text. Advanced have two hours of lecture. Labora- 
tory of the former is more descriptive and of the latter more quantitative. 

Union University —More advanced. 

Vanderbilt University.—We have a course for students requiring more 
chemistry in their courses, and for those who do not require further chem- 
istry. 

4 For details see TH1s JOURNAL, 5, 851-3 (July, 1928). 
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Vassar College.-—The first part of the first semester is spent in review 
and in bringing the class together. The class then begins qualitative 
analysis which is continued throughout the year. 

Washburn College-—Main course is the same but special assignments 
are made to fit individual cases. 

Washington and Lee University—Those presenting entrance units in 
chemistry take one semester, others two semesters. The former usually 
take a course in qualitative analysis or a course including elementary 
inorganic-industrial chemistry the second semester. 

Wellesley College.—Those who have had high-school chemistry take one 
semester of intensive review and more theory and one semester of quali- 
tative analysis (the usual second-year course). 

Wesleyan University.—Different sections, text and laboratory, as well 
as instructor. 

Western Reserve University.—More time on principles and less on de- 
scription. 

Whitman College.—Differs in form and order of presentation. More 
emphasis on theory and a little more advanced. 

Yale University.—Different treatment of material provided entrance re- 
quirements in chemistry have been passed. 

Of the 49 private institutions making special provisions for those entering 
freshman chemistry, 20 give special laboratory work, 7 of which 
specify qualitative analysis and 4 quantitative experiments; 8 have 
different texts and 3 divide according to ability. Some of the varia- 
tions in these courses are: differences in form and presentation, more ad- 
vanced treatment of physical chemistry, special courses based on prepara- 
tion, more time on principles and less description, more theory problems 
and equations, separate courses, prepared students go more swiftly, one- 
half year for beginners, different courses, different treatment of materials, 
and first part of the year spent in bringing classes together. ‘There are 3 
institutions which give unprepared students more time. 

In conclusion, there appears, therefore, a strong tendency on the part 
of those in charge of freshman chemistry, in both the public and private 
institutions, to modify their chemical courses for those who enter them 
having had high-school chemistry. But there is no marked tendency 
showing a distinctive method as to how this modification is made with the 
exception of 13 cases of special laboratory work for the public institutions 
and 20 for the private ones. ‘he classroom work connected with most 
of these cases and the remaining 25 of the public institutions and 29 of 
the private ones is presented through a great variety of methods. 
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FOREIGN STUDY FELLOWSHIP OPPORTUNITIES 


ARCHIE M. PALMER, INSTITUTE OF INTERNATIONAL EDUCATION, NEw York Clty 


With the inauguration this year of the Austro-American Student Ex- 
change, the foreign study exchange fellowship activities of the Institute 
of International Education have been extended to include six European 
countries: Austria, Czechoslovakia, France, Germany, Hungary, and 
Switzerland. Under these exchanges a limited number of fellowships and 
scholarships are offered each year to American students who wish to study 
abroad. ‘These fellowships and scholarships have been established as an 
international exchange in appreciation of those offered by American col- 
leges and universities to the nationals of the countries concerned. 

The fundamental idea behind these foreign study opportunities for 
American students is to make it possible for America to broaden her 
horizon and to promote international good will through a better mutual 
understanding between the United States and foreign countries. That 
the furtherance of this ideal is being realized is clearly manifest in the 
activities of those who have returned after an enjoyment of these oppor- 
tunities, and the increasing breadth of vision and of interest in international 
affairs on the part of our people generally and of our youth particularly. 

Some years ago at a meeting of international societies the late Andrew 
Carnegie remarked that in time there would be no place in the world for 
the peace societies which he had founded, but that there would always 
be need for organizations which would bring different countries together 
in points of intellectual contact. 

Whether one is a foe or a friend of internationalism, whether one be- 
lieves in a society of nations or thinks that the human race will prosper 
best when parceled into small, assertive nationalities, one must admit 
that in the future, as in the past, nations will be stimulated by the contact 
of one civilization with another. The understanding and appreciation 
of one’s neighbors can be best realized through a comprehension of their 
culture, of their social life, and of their psychology. In what more effec- 
tive way can this end be attained than through the interchange of stu- 
dents and teachers, thereby effecting the interpretation through the ob- 
serving eyes of critical youth? 

This year two hundred and eleven graduate students are engaged in 
advanced study in American colleges and universities and in foreign uni- 
versities on the exchange fellowships and other foreign study opportuni- 
ties administered by the Institute of International Education. One hun- 
dred and seven of these places are being filled by foreign students and one 
hundred and four by Americans. This article is concerned with the foreign 
study opportunities available for American graduate students. 

A candidate applying for one of these foreign study fellowships must 
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(1) be a citizen of the United States or one of its possessions; (2) at the 
time of making the application be a graduate of a college, university or 
professional school of recognized standing, or at the time of entering upon 
the scholarship have met this requirement; (3) be of good moral character 
and intellectual ability, and of suitable personal qualities; (4) present a 
certificate or other evidence of good health; (5) possess ability to do inde- 
pendent study and research; and (6) have a practical reading, writing, 
and speaking knowledge of the language of instruction in the particular 
country. 

These opportunities are open to both men and women. Preference in 
selection is given to candidates under thirty years of age. 

Scholarship and fellowship holders must have sufficient money of their 
own to cover traveling, vacation, and incidental expenses. Certain steam- 
ship lines allow a reduction in steamship rates to the fellows and scholars 
and in some instances free visas may be secured. 

For Study in Austria—Through arrangements made by the Austro- 
American Institute of Education in Vienna six fellowships, each covering 
room and board, as well as tuition in the institutions of higher learn- 
ing in Vienna, are offered to American students who desire to study in 
Austria. 

A practical reading, writing, and speaking knowledge of German is essen- 
tial for the proper enjoyment of these opportuniiies. American Fellows 
are required to reside in Vienna during the entire academic year, arriving 
at the time of official opening, about October 15, and remaining for about 
ten months. The living accommodations are provided in the homes of 
selected Austrian citizens who are deeply interested in the promotion of 
cultural relations between Austria and the United States. 

Applications for these fellowships must be submitted on or before 
March Ist. 

For Study in Czechoslovakia.—The Czechoslovak Ministry of Educa- 
tion offers, through the American-Czechoslovak Student Exchange, several 
fellowships of 15,000 Czechoslovak crowns each (equivalent to about $500, 
which approximately covers room, board, and tuition) to American students 
who wish to study in Czechoslovakia. ‘These fellowships are available for 
study at Charles University, the University of Technological Sciences, the 
Arts Academy, and the Commercial College in Prague, at the Masaryk 
University and the Institute of Technology in Brno, and the Komensky 
University in Bratislava. 

A practical knowledge of either the Czech or the Slovak language, ade- 
quate for understanding lectures delivered in one of these languages, is re- 
quired of candidates. Preference in selection is given to applicants who 
have successfully pursued Slavonic studies in an American college or uni- 
versity—primarily to those who intend to become teachers in the subject 
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of Slavonic languages, or whose major interest is in history or in a scientific 
field. 

American Fellows are required to reside in Prague, in Brno or in Bratis- 
lava during the entire academic year from the first of September through 
June. Scholarship allowances are given only for the time actually spent 
in Czechoslovakia; payments of the allowance are made by the Czecho- 
slovak Ministry of Education. 

Applications for these fellowships must be submitted on or before 
March Ist. 

For Study in France.—The Ministry of Public Instruction and the uni- 
versities of France offer, through the Franco-American Student Exchange, 
a number of scholarships covering board, lodging, and tuition, and some pro- 
viding free tuition only. These scholarships are offered for study at the 
Universities of Bordeaux, Grenoble, Lyon, Paris, Strasbourg, and Toulouse, 
at the Ecole Normale Supérieure de Sévres for women, and at the Ecole 
Supérieure de la Métallurgie et del’ Industrie des Mines at Nancy for men. 

Applicants must have a practical ability to use French books, both in 
the general subjects and in their own special field, and be able to speak 
French and understand lectures delivered in French. Applicants are re- 
minded that the standard of work in French universities is very high and 
to profit by it American students should have already completed a year 
of graduate work. 

Applications for these scholarships must be submitted on or before 
February Ist. 

For Study in Germany.—The German universities, through the Aka- 
demischer Austauschdienst, the representative in Germany of the American- 
German Student Exchange, have established a number of fellowships cov- 
ering board, lodging, and tuition. This exchange is a movement toward 
developing international friendship and goodwill by creating a tradition of 
coéperation and reciprocity between the United States and Germany 
through the study of the institutions and psychologies of the two countries. 
These fellowships are available for study at the Universities of Berlin, 
Bonn, Breslau, Cologne, Frankfurt, Giessen, Géttingen, Griefswald, Halle, 
Hamburg, Heidelberg, Leipzig, Marburg, Munich, and Tuebingen, and at 
the various technological institutes. 

A practical reading, writing, and speaking knowledge of German is essen- 
tial to the complete enjoyment of these opportunities. A summer spent 
in Germany has been found extremely desirable for improving facility in 
the use of the language. 

American Fellows are required to report at the universities to which 
they are assigned at the time of official opening, about October 15th, and 
to reside in Germany at least ten months. ‘They may express preference 
for certain universities, but these preferences must be supported by ade- 
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quate reasons for the choice. Assignments will be made after considera- 
tion of the subjects of study chosen by the candidates. 

Applications for these fellowships must be submitted on or before Feb- 
ruary 15th. 

For Study in Hungary.—’The Hungarian Ministry of Education offers 
to American students, through the American-Hungarian Student Exchange, 
several scholarships covering tuition, lodging in the Nicholas Horthy Col- 
lege for men and in the Elizabeth College for women, and lunch and din- 
ner at one of the students’ messes. ‘These scholarships are available at the 
University of Budapest, the University Faculty of Economic Sciences, the 
Polytechnic High School, the Veterinary College, and the Music Academy, 
all in Budapest. 

A sufficient knowledge of Hungarian to enable the student to under- 
stand lectures is required. Graduates of medical schools who propose to 
do graduate work and pupils of music may be admitted without a knowledge 
of Hungarian, provided they have an adequate knowledge of German. 

American scholars are required to reside in Budapest during the entire 
academic year, from early September until the end of June. Scholarship 
allowances are given for the time actually spent in Budapest. 

Applications for these scholarships must be submitted on or before 
March 15th. 

For Study in Switzerland —The universities of Switzerland offer a 
number of tuition scholarships to American students, through the Swiss- 
American Student Exchange. In several instances these scholarships are 
supplemented by stipends covering board and lodging, or their equivalent, 
provided in the communities in which the universities are located. These 
scholarships are available for study at the Universities of Basle, Berne, Frei- 
burg, Geneva, Lausanne, Neuchatel, and Zurich and at the Eidgendssische 
Technische Hochschule in Zurich and the Handelshochschule in St. Gallen. 

Evidence of a good working knowledge of either French or German, 
dependent upon the language of the institution attended, is required of 
candidates. A knowledge of both languages is, of course, very desirable. 

American scholars are required to report at the universities to which 
they are assigned at the time of official opening, about October 15th, and to 
reside in Switzerland until the end of the academic year, which usually 
ends about the middle of July. During the long vacation periods, espe- 
cially between terms, March Ist to April 15th, exceptional opportunity is 
afforded to visit in Switzerland and the surrounding countries of Europe. 

Applications for these fellowships must be submitted on or before 
March Ist. 

Additional Opportunities.—In addition to the opportunities mentioned 
above, the Institute of International Education administers the American 
Field Service Fellowships for advanced study in French universities and 
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the Scholarships for the Junior Year Abroad. ‘The Institute also arranges 
for the placement of a number of American men in “‘postes d’assistant 
d’Anglais in French lycées and écoles normales.” 

Application blanks and further information about these opportunities 
and about the international exchange fellowships and scholarships may 
be obtained by addressing the writer at the Institute of International 
Education, 2 West 45th Street, New York City. 


UNITED STATES CIVIL-SERVICE EXAMINATION 


The United States Civil-Service Commission announces an open competitive 
examination for Junior Chemist, $2000. 

Applications must be on file with the Civil-Service Commission at Washington, 
D. C., not later than February 5th. 

Competitors will be rated on general chemistry and elementary physics, and the 
optional subject selected. The optional subjects are advanced inorganic chemistry, 
analytical chemistry, organic chemistry, and physical chemistry. 

The examination is to fill vacancies in the Federal classified service throughout the 
United States, including the Departmental Service at Washington, D. C. 

Full information may be obtained from the United States Civil-Service Commission, 
Washington, D. C., or from the secretary of the United States Civil-Service Board of 
Examiners at the post-office or customhouse in any city. 


EXHIBIT OF HIGH-SCHOOL STUDENTS’ WORK IN CHEMISTRY 


An exhibit of students’ work in chemistry in high schools is being planned for the 
spring meeting of the Division of Chemical Education at Columbus, Ohio. All teachers 
of high-school chemistry are invited to prepare and send in exhibits of their work. 
Any inquiries regarding the exhibits should be referred to Dr. Wm. McPherson, Ohio 
State University, Columbus. 


Benzol Poisoning in Chemical Laboratories. Benzol poisoning has been found a 
distinct health hazard in many chemical laboratories as well as in certain manufacturing 
plants, reports J. J. Bloomfield of the U. S. Public Health Service. In laboratories in 
which tests are made in connection with rubber, paint, oil, and varnish, benzol is exten- 
sively used, not only in the tests but as a solvent for cleaning apparatus and the hands 
and arms of the workers. 

The concentration of more than 100 parts per million of benzol in the workroom 
air constitutes a health hazard. Substitutes for this substance are recommended to be 
used as far as possible, particularly for cleaning. 

The number of white blood cells is considerably reduced in chronic benzol poisoning, 
and the nature of the cells also undergoes change. Routine physical examinations of 
the workers, including examination of the blood, are recommended upon employment, 
and frequently thereafter, as a means of checking this condition in plants where benzol 
cannot be dispensed with altogether.—Science Service 
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THE STRUCTURE OF MATTER. IV. IONS AND IONOGENS 


Otto REINMUTH, ASSOCIATE EDITOR 


Several times in these pages we have had occasion to mention ions, 
and last month we published an account of the formulation of the theory 
of ionization as related by Arrhenius himself.! However, we have not 
as yet discussed ions and ionization in any detail from the standpoint of 
the structure of matter. 

In the first article of this series? we noted that combination between 
atoms may take place in one of two different ways: (1) by the sharing 
of an electron pair or electron pairs, or (2) by the complete transfer of an 
electron or electrons from one atom to another, resulting in electrostatic 
attraction between the two atoms. It is the second type of combination 
which gives rise to ionization. Atoms which have acquired electrostatic 
charges by the loss or gain of electrons are called ions.’ 


A Brief Retrospect 


There is nothing new in the idea that atoms can have electrical charges. 
Back at the beginning of the nineteenth century when men had but newly 
learned how to produce electric currents by means of the crudest of bat- 
teries, Davy, Berzelius, and other chemists had been quick to seize upon 
this new force and to note what happened when it was applied to chemical 
compounds. ‘They observed that when solutions were electrolyzed some 
elements invariably traveled toward one electrode and that others in- 
variably traveled toward the other. Here at last, they felt, was the answer 
to the mystery of chemical combination. Some elements, they said, are 
negatively charged, others are positively charged. Combination is but the 
result of natural electrostatic attraction between positive and negative 
elements. 

But, unfortunately, the explanation was not so beautifully simple. It 
was soon found that many compounds were made up of elements which 
had to be given the same sign. The blow that killed the old ‘‘dualistic 
theory,” as it was called, was the discovery that ‘‘negative’”’ chlorine could 
replace ‘‘positive’’ hydrogen in many organic compounds without other- 


1“Svante Arrhenius and the Theory of Ionization,’ TH1s JOURNAL, 5, 1486-90 
(November, 1928). 

2 THis JOURNAL, 5, 1152-63 (September, 1928). 
3 Ions may also be formed in other ways, as we shall presently see. 
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wise altering the compounds. Perhaps it would be more truthful to say 
that the theory was knocked out—some life remained init. While every- 
one realized that it would not do, no one could help thinking that it held 
some clue to the truth. 

The Modern View 


With the acquisition of new knowledge our views have somewhat clari- 
fied. We now realize that atoms are not actually positive or negative but 
only potentially so. More important still, we realize that the ability of any 
atom to become positive or negative is dependent upon its environment. 

In our earlier discussion of the structures of atoms? we said that some 
atoms hold their valence electrons very strongly while others hold theirs 
but weakly. Some atoms are able to strongly attract electrons to com- 
plete their valence shells, while others have little or no attraction for addi- 
tional electrons. Atoms of these two classes represent the opposite ex- 
tremes of the range. ‘here are numerous gradations between one ex- 
treme and the other. There is a complete 
transfer of electrons between two atoms only 
when one atom is able to hold its electrons but 
weakly. 

Thus we see that a chlorine atom (which 
has a very strong attraction for electrons) is 
able to capture an electron from a sodium 
atom (which holds its electron but weakly). 
O Sodium Chlorine The resulting compound, sodium chloride, is 

Figure 1.—Arrangement of bound together by electrostatic attraction 
sodium (white) and chlorine between the sodium and chlorine ions. In 
(black) ions in NaCl crystal. 

fact, x-ray studies have shown that the sodium 
chloride crystal is a regular piling of alternate sodium and chlorine ions. 
Each sodium ion is surrounded by six equidistant chlorine ions, and vice 
versa.4 (See Figure 1.) When sodium chloride is dissolved in water or 
some other “ionizing solvent” the ions are able to separate and we say 
that the compound “‘ionizes.”’ 

If, however, we consider carbon tetrachloride instead of sodium chloride 
we find quite a different state of affairs. Although carbon does not at- 
tract electrons nearly so strongly as chlorine, it holds quite tightly to the 
ones it already has—much more tightly than does sodium. Hence, when 
a chlorine atom completes its valence shell by sharing a carbon electron, it 
has to be content with sharing. It cannot take anelectronaway fromcarbon.° 





4 Obviously this does not hold true for the surface layers of the crystal. 

5 This phrasing of the case should not mislead any one into ascribing human con- 
sciousness or emotions to atoms. The behavior of one atom which acquires an electron 
from another is quite as impersonal and automatic as that of a large weight which bears 
down one pan of a balance and, in doing so, raises a smaller weight on the other pan. 
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The carbon tetrachloride molecule may therefore be represented as in 
Figure 2B in distinction from the sodium chloride atom which must be 
represented somewhat as in Figure 2A. As would be expected, carbon 
tetrachloride does not ionize. 

Figure 2A makes plain the reason why sodium and chlorine ions dis- 
persed in water do not act as elementary sodium or chlorine would. Read- 
ers of last month’s JOURNAL will remember that this mystery was one of 
the early stumbling blocks to the acceptance of Arrhenius’ theory. Ar- 
rhenius got around the difficulty by saying that ions were different from 
atoms in that the ions were charged, whereas atoms are not. If ions are 
different, he reasoned, they should be expected to behave differently. 

That was all right as far as it went, but we are now able to go farther. 
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FIGURE 2 


The action of sodium on water is due to the fact that the sodium atoms 
give up electrons to the hydrogen of the water. The hydrogen atoms 
thus formed combine into hydrogen molecules and escape. But a sodium * 
ion has no more electrons to give up. It has already been stripped down 
to its stable shell of eight. 

The characteristic activity of elementary chlorine is due to its tendency 
to acquire electrons. The chloride zon has already gained an electron 
and completed its stable shell of eight. It cannot gain any more. 


Electrolysis 


We now begin to see why it is that solutions of electrolytes (7. e., of com- 
pounds which ionize in solution) can “conduct a current.” A glance at 
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Figure 3 makes the matter plain. Let us suppose that our electrolyte is 
composed of hydrochloric acid dissolved in water. We have in solution 
H+ ions and Cl~ ions. The H+ ions are attracted to the negative elec- 
trode. Perhaps it would be more strictly correct to say that the electrode 
and the ions are attracted to each other, as oppositely charged bodies always 
are. But the electrode is fixed, so that only the ions move. Now these 
H+ ions have come from H atoms which were forced to give up electrons 
to chlorine atoms merely because the chlorine atoms had a much stronger 
attraction for electrons. The H* ions still attract electrons and will ac- 
quire any that are not held too tightly. When these ions arrive at the 
negative electrode they find electrons not only 
weakly held but actually ‘‘under pressure,’’ so 
to speak. Each ion immediately acquires an 
electron and becomes a hydrogen atom. Each 
pair of hydrogen atoms combines to attain a 
stable state, thus forming a hydrogen mole- 
cule. Hydrogen gas is liberated. 

In the meantime an opposite state of affairs 
prevails at the positive electrode. Cl~ ions 
are attracted and arrive there to find that the 
(H) electrode has a stronger attraction for electrons 

than they themselves. The electrons are 

C)) wrested from the Cl~ ions by the electrode just 

—_ + as they were originally wrested from H atoms by 
Se 

















the Cl atoms. Chlorine ions become chlorine 
atoms and unite with each other to form 
chlorine molecules. Chlorine gas is liberated.® 

In view of these facts it becomes apparent 
that, while electrons enter the solution at one 
electrode and other electrons leave the solution 
at the other electrode, no electrons actually 
travel through the solution from one electrode 
to the other. Hence, we are speaking rather loosely when we say that the 
ions in solution ‘‘carry the current’’—that is, if we define the current as a 
stream of moving electrons. This mis-statement is, of course, a survival from 
earlier times when people had no idea what an electric current might be. 
The best analogy which could then be found was to consider a current flow- 
ing through a wire as like a stream of water flowing through a pipe.’ On 








FIGuRE 3 


6 Water is also slightly ionized and a small number of H*+ and OH7~ ions arising 
from water are also discharged. ‘These we shall neglect at this time. 

7 Incidentally the direction of flow which the earlier investigators arbitrarily as- 
signed to the ‘‘current’”’ was just opposite to the direction in which we now know the 
electrons to move. 
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that basis it was only reasonable to conclude that, if current flowed when 
an open circuit was closed by inserting the wires in a solution, the solu- 
tion must act as a connecting link in the pipe line and that the current 
flowed through the solution. 

We now know better. One part of our solution takes on electrons, 
another gives up electrons. Both parts are used up in the process. 


Electroplating 


We chose for an illustration of electrolysis a case in which the products 
of the reaction escape as gases, and in which the electrodes are not at- 
tacked.’ This does not include all the possibilities of electrolysis. ‘The 
discharged ions may: (1) react with each other, as in the case discussed; 
(2) react with the solvent, usually water; (3) attack the electrode; or 
(4) attach themselves to the electrode. 

Case (2) describes what happens when water is acidified with sulfuric 
acid and electrolyzed to produce hydrogen and oxygen, and explains why 
the electrolysis of a sodium salt results in the escape of hydrogen and the 
formation of NaOH around the negative electrode.’ In order to kill two 
birds with one stone let us consider what happens when a solution of sodium 
sulfate is electrolyzed, using platinum electrodes. 

The sodium ions travel to the negative electrode and receive one elec- 
tron apiece, thus becoming sodium atoms. Elementary sodium reacts 
immediately with the water of the solution, releasing hydrogen and form- 
ing sodium hydroxide. At the positive electrode SO, ions give up two 
electrons apiece and become uncharged SO; radicals. Now the SO, radical 
cannot exist as such and it is probable that it immediately breaks down 
into SO3 and O. Sulfur trioxide reacts with water to form sulfuric acid, 
and oxygen atoms combine with each other to form oxygen molecules 
and escape. 

Unless special precautions are taken to prevent the mixing of the solu- 
tions surrounding the two electrodes, the sulfuric acid formed at the posi- 
tive pole and the sodium hydroxide formed at the negative pole mingle — 
and react to re-form sodium sulfate and water. The net result is that 
the water of the solution is decomposed into hydrogen and oxygen and the 

sodium sulfate remains. 

“Cases (3) and (4) may be illustrated by one example. Let us suppose 
that a silver nitrate solution is electrolyzed between silver electrodes. 


8 Electrodes which remain unattacked may be obtained in actual practice by the 
use of platinum or of carbon. 

9 Teachers who object to the assumption of secondary products of electrolysis in 
this connection are referred to Sir James Walker’s ‘‘Introduction to Physical Chemistry,” 
ninth edition, The Macmillan Company, New York, 1922, pp. 368-70. Such ob- 
jections are there answered in detail. 
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The Agt ions move to the negative electrode, and receive electrons but 
instead of breaking away to combine with other silver atoms so formed 
(in the manner of hydrogen) they attach themselves to other silver atoms 
which already form a part of the electrode.!° At the positive silver elec- 
trode NO;~ ions are meanwhile giving up electrons and becoming un- 
charged NO; radicals. ‘The NO; radicals react with the silver of the elec- 
trode to form more silver nitrate.!! The net result of the operation of 
this electrolytic cell is the transfer of silver from one electrode to the other. 
This is the process employed in the electrolytic refining of copper (copper 
sulfate being the electrolyte employed). When the negative electrode is 
made of some metal other than the one with which it is coated in this 
manner, the operation is known as plating. 


The Electromotive Series 


* 

We have repeatedly made mention of the fact that some atoms attract 
and hold electrons more strongly than other atoms. Let us consider in a 
little more detail just why this should be. 

Recalling to mind our elementary physics we remember not only that 
oppositely charged bodies attract each other, but that the attraction is 
proportional to the magnitude of the charges. Upon this basis we should 
expect that atoms with high positive nuclear charges would attract elec- 
trons more strongly than atoms with small positive nuclear charges. But 
in so reasoning we have been taking it for granted that the linear distance 
between the charges remains constant. This is not true in the case of 
atomic nuclei and valence electrons. Since electrons are arranged in 
layers or shells about the nucleus it follows that the valence shells of atoms 
with large central positive charges are farther removed from those posi- 
tive charges than are the valence shells of atoms with low nuclear charges. 
Hence we have two factors operating oppositely, for our elementary physics 
has also told us that the attraction between charges is inversely propor- 
tional to the square of the distance between them. 

In addition there are still other complications. The valence shells of 
large atoms are not only at comparatively great distances from the nuclei, 
but they are probably somewhat ‘‘screened”’ from the attractive forces of 
the nuclei by intermediate layers of electrons. Finally, we also find that 
the state of completion of the valence shell has an influence on the power 
of the atom to attract electrons. It seems that the nearer the shell is to 
the completion of the stable octet of electrons, the more attraction the 


10 The silver atoms also attach themselves to the electrode if it is made of copper 
or any one of a number of other metals. 

11 Some will prefer to consider this reaction as occurring in stages: the decomposi- 
tion of the NO; radical, the oxidation of Ag to AgO, and the subsequent formation of 
AgNO3. In either case the final result is the same. 
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atom has for electrons. Obviously, it is difficult to arrive at any simple 
mathematical means of placing the atoms in the order of their respective 
degrees of attraction for electrons.'? However, it has been possible, by 
experimental means to construct such a series for some of the elements, 
and this series, known as the ‘‘electromotive series,’ has 
proved to be of great practical use. (See Table I.) Taste I 

In Table I the elements are arranged from top to bottom easement 


in the order of increasing attraction for electrons. One bain 
would therefore expect that elements low in the table Cs 
would succeed in capturing electrons whenever there is = 
competition for electrons between themselves and ele- Ba 
ments higher in the table. As a matter of experimental Na 
fact we find that hydrogen ions are able to capture elec- Ca 
trons from atoms of any of the elements which stand Mg 
above hydrogen in the table and that they are unable to = 


capture electrons from atoms of elements lower in the Fe(Fe?+) 
table. This fact is usually expressed by saying that metals Ni(Ni?+) 
above hydrogen in the table can liberate hydrogen from Sn(Sn?*) 
acids whereas metals below hydrogen cannot.'* Pb(Pb**) 

When zinc and hydrochloric acid, for instance, react it ee 
is said that zinc liberates hydrogen from the acid. What Bi(Bi**) 


actually happens is that hydrogen ions in solution take As(As3*) 


electrons from zinc atoms. The zinc atoms thereby Cu(Cu?*) 
become ions and pass into solution. ‘The hydrogen ions (OH ) 
become atoms, combine with other hydrogen atoms to a ) 
form molecules, and escape. If we are justified in think- He(Hg,?*) 
ing of any reactant as taking the initiative in the reac- Ag 
tion, the hydrogen ion is the initiator. Pb(Pb‘*) 
A similar example involving other elements is seen in Hg(Hg**) 
the coating of a knife-blade with copper when it is im- pred 


mersed in a copper sulfate solution. Copper ions capture c1(CI-) 
electrons from iron atoms. ‘The iron atoms become ions Au(Au*) 
and go into solution. The copper ions become atoms F(F-) 
and deposit on the knife blade. 


12°Dr. Langmuir, who pointed out the factors influencing the degree of attraction 
for electrons, was content to state the case qualitatively. Dr. Cartledge has attempted 
with some success to arrive at a quantitative evaluation and has devised a periodic 
system of the ions which takes account of “ionic potentials.” Advanced students and 
teachers are recommended to examine “Studies on the Periodic System. I. The 
Ionic Potential as a Periodic Function,” J. Amer. Chem. Soc., 50, 2855-63 (Nov., 
1928). 

13 There are some exceptions to this statement, but they are due to secondary 
factors which are readily recognized and they do not invalidate the basic principle 
expressed. 
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Ions Other than Charged Atoms 


At the beginning of this article we stated that atoms which have acquired 
charges by gaining or losing electrons are known as ions. ‘That was merely 
a statement of fact—not a definition. Ions may be produced in other 
ways. 

Last month" we considered the interesting case of the ammonium ion. 
Here a neutral molecule becomes a positive ion by acquiring a positive 
charge—1. ¢., by combining with a proton or hydrogen ion. 

The sulfate ion may be represented as similar to the ammonium ion, 
except that, whereas the latter has one excess positive charge, the former 
has two excess negative charges. 


H 
BoN2o 
H 


It is evident that such ions arise out of the tendency of atoms to com- 
plete their stable groups of electrons. So strong is the tendency that the 
resulting groupings are remarkably stable even though they are not elec- 


trically neutral. Such ions go through many chemical reactions as though 
they were single atoms rather than aggregations. 

We see therefore that an ion may be a proton (H*), a charged atom, 
or a charged group of atoms. A lone electron may also constitute an ion. 
Sodium dissolved in liquid ammonia ionizes as follows: 


Na —— Nat + e— 


14 THIS JOURNAL, 5, 1473-9 (Nov., 1928). 


Compressed Air Aids Shade Trees. Compressed air forced in among the roots of 
large trees that have been transplanted has been found to be of assistance in causing 
the tree to recover quickly from the disturbance, as in most planting operations the dirt 
is thrown back into the soil with so much water that it puddles and prevents the roots 
from getting needed air from the soil. 

The same compressed air treatment is stimulating to trees in lawns, where, appar- 
ently, the roots of the densely matted grasses forming the sod sometimes release so 
much carbon dioxide in respiration that the supply of oxygen in the soil is dangerously 
reduced. The method can also be applied to street trees which suffer greatly from leak- 
ing gas mains and from soil compactness due to paving, or to park trees where the soil 
is badly trampled by crowds of recreationists. 

The air is supplied by any air pump such as those used to fill air tanks at service 
stations or those used for pneumatic drills and hammers, and is forced into the soil 
through a deep nozzle. Many dying shade and ornamental trees can be encouraged 
to make new growth and so take a new lease upon life by a treatment of compressed 
air.— Science Service 
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HYDROGEN-ION CONCENTRATION 


R. HARMAN ASHLEY, Turts COLLEGE, Boston, MASSACHUSETTS 


As this topic involves the designation of magnitudes by the system of 
powers of ten, a few remarks about this way of designating magnitudes 
may be pertinent. 

Notation by Powers of Ten 


In this system the units place is taken as the center of symmetry and 
all numbers are written in this place followed by ten raised to the appro- 
priate power. In the units place the power of ten is zero, that is, 1 = 10°, 
consequently a magnitude between 1 and up to 10 need not be followed by 
the ten factor; all other magnitudes will call for a ten factor. In this 
system, instead of writing 

88 write 8.8 X 10! 
4900 write 4.9 X 10% 
0.0000725 write 7.25 x 10% 


968.45 write 9.6845 x 10? 
0.326 write 3.26 X 107} 


To transform a magnitude written in the system of notation by powers of 


ten to the usual system, reverse the above process. Thus, to convert 
8.425 X 10? into the ordinary notation, the factor 10? becomes 100, hence 
8.425 X 10? becomes 8.425 X 100 = 842.5. For example: 

9.62 X 105 becomes 962000 

8.79 X 107! becomes 0.879 

4.53 X 10~> becomes 0.0000453 

The conversion of numbers into the system of notation by powers of 
ten and vice versa will be easily remembered by those accustomed to 
logarithms. When a number is written in the usual notation, in order to 
convert it into the system of notation by powers of ten, write the number 
with the first significant figure in the units place, followed by the decimal 
point and the other significant figures. Multiply this by the appropriate 
power of ten. When the original number was greater than 1, and less than 
10, no power of ten is called for; if greater than 10, the power of ten to 
employ is positive and is the same as the characteristic of the logarithm of 
the number. When the original number is less than 1, the power of ten to 
employ is negative and is the same as the characteristic of the logarithm of 
the number. 
Equilibrium 
An acid may be typified as HA in which H is the ionizable hydrogen and 

A the acid radical. On going into solution ionization takes place according 
to the equation: 
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(1) 





HA ==> Ht + Am 
Applying the mass law to this equilibrium: 


{Ht] x[ An] ys 


[HA] Ka (2) 


A few remarks about the above expression: a symbol, formula, or radical 
enclosed in a square bracket has a special significance. A symbol or 
formula written without the bracket stands for a definite weight of sub- 
stance, equal numerically to the atomic or molecular weights of the sub- 
stances designated. When a symbol or formula is enclosed inea square 
bracket it has the added significance of concen- 

QZ2N se oO tration. Thus, the symbol H* represents 1.008 

Sy parts by weight of hydrogen ions, while [H+] is 

Na OH used to represent the concentration of hydrogen 

ions. As the unit of weight in chemical meas- 
urement is the gram and the unit of volume is 
the liter, then [H+] represents the number of 
gram molecules of hydrogen zons in each liter of 
the solution. The molar system of expressing con- 
centration is based on these units, a unit molar 
solution being one which contains one gram 
molecular weight of the dissolved substance dis- 
seminated in a liter of the solution. Any given 
10 solution may be a multiple or sub-multiple of 
the molar unit. For example, the formula of 
acetic acid being H-C.,H;O2, the molecular 
weight is 60.042, hence if this weight of acetic 
acid in grams (one gram molecular weight) is 
dissolved or present in a liter of solution, the so- 








/ Occ, Q2N lution is of molar concentration. On going into 
HG 4,0, solution, only a small portion of the molecules 
ase of acetic acid break up into ions. In a molar 


solution, out of every ten thousand molecules of 
the original acetic acid molecules, only 42 are in 
the ionic condition. Forty-two parts in 10,000 may be represented as 
0.0042 or 4.2 X 10-%. If the acid of equation (1) is molar acetic acid then 
the numerical value of [H+] in this expression is [H+] = 4.2 X 107%. 
The term K, has a special significance: it is a constant. No matter 
how the values of [H+], [A~] or [HA] may be changed, the equilibrium will 
adjust itself either by an increase or decrease of ionization until the{value 
of K, is regained. While the concentration factors on the left side of the 
equation may be varied, no variation of K, is possible, it is a constant of 


FicureE 1 
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nature. ‘The numerical value of K, changes with the acid under consider- 
ation and with the temperature, but in general is independent of the dilu- 
tion. As it is conventional to write the equilibrium equation of an electro- 
lyte with the concentration of the ions in the numerator, a tabulation of 
the values of K, will be a measure of the strength of the acids tabulated. 
As the strength of an acid depends on the concentration of the hydrogen ions 
it follows that the larger the value of K,, the stronger is the acid. Strong 
electrolytes, in this case strong acids, do not give a constant value for K, 
for all dilutions and are not included in this discussion. ‘To calculate the 
value for K, for acetic acid: the concentration of the hydrogen ions is 
[H+] = 4.2 X 10~-%, and the concentration of the acetate ions is the same, 
for each acetic acid molecule on ionizing produces one hydrogen ion and one 
acetate ion. The concentration of the unionized acetic acid is 1.000 — 0.0042 
= 0.9958 = 9.958 x 10-1. Substituting these values in equation (2) 
gives 

(4.2 X 107%) X (4.2 X 107%) 


9.958 X 10-1 = 18 xX 10" 





from which K, = 1.8 X 10-5 for acetic acid. These constants are called 
dissociation or ionization constants. 
The ionization of a base may be represented: 


BOH == B+ + OH- 
the equilibrium expression of which comes to 


[Bt] X [OH-] 


[BOH] = Ke (3) 


The value of K, gives information about the degree of ionization of the 
base at different dilutions and the same remarks apply to K, as were given 
with K,. 

Following are a few dissociation constants for acids and bases: 





Class 


Compound 


Ka 








Strong acid 


Moderately strong acid 


Weak acid 
Very weak acid 





Hydrochloric acid 
Oxalic acid 
Acetic acid 

Boric acid 





Not well defined 
1.1 X-10-* 
1.8 X 10 
6.5 X 107 





BASES 





Class 


Compound 


Ko 








Strong base Sodium hydroxide Not well defined 
Weak base Ammonium hydroxide 1.8 « 10-5 
Very weak base Aniline 4.6 X 107” 
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Soluble salts are ionized and a constant K, might be worked out in the 
same manner as for acids and bases. It may be said roughly that salts are 
generally highly ionized, those of the weak acids and weak bases included. 


Dissociation of Water 


Water is slightly dissociated into H+ and OH~ according to the equilib- 
rium: 
HOH == Ht + OH~ 


The equilibrium expression is 
[H+] x [OH-] _ 
[a0] ~ ™! «) 
As the dissociation of water is so slight the concentration of the undisso- 
ciated molecules of water may be taken as a constant: call it Ks; then 
[H+] x [OH-] _ 
R, 7a 
and 
[H+] X [OH] = Ki X K, = Kw (5) 
Values of the constant K,, determined by various methods agree very 
well, the accepted value being, K, = 10~". 

From the above it is apparent that the concentration of the H* ions 
varies inversely with the concentration of the OH™~ ions; hence, in every 
water solution of an acid, a base or a salt, both H+ ions and OH™~ are 
always present. ‘Take, for example, a solution of a base which is 0.01N* 
(normal) in respect toOH~ ions. From (5) the concentration of the Ht 


ions is 


+1: se Kw : 


9 
< 


Knowing the concentration of OH~ ion to be 0.01N, then [OH~] = 107 
and substituting in (6) gives 


[H+] = = Ors. 


From the above it is apparent that the concentration of a base or an acid 
may be expressed in terms of the concentration of H* ions. 


The Ionization of an Acid 


The equilibrium equation (2) being 
* A normal solution is one which contains one gram equivalent of replaceable hydro- 
gen ions, or that weight of element, or radical, which will react with or replace one gram 
equivalent of hydrogen ions, in a liter of solution. When we are dealing with H* 
or OH~ ions, we are dealing with monovalent substances, and in such cases the norma] 
solution and molar solution are of the same concentration. 
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[H+] x [A-] _ 


[HA] = 


may be rearranged to 
HA] 1 
{Ht] X [A-] Ka 
[A~] 
HA] 
1 1 [A- 


[H*] ~ K. * [HA 


Multiplying both sides by gives 


Taking logarithms gives 
1 1 A~ 
log TH") = log K, + log ian (7) 
1 
[H+] 


designated pH. ‘That is, 


The term, log has a special significance for this discussion and is 


pH = log a (8) 


In words, pH is the logarithm of the reciprocal of the concentration of 
the hydrogen ions. The term [H*] is often written Cy. 


The Titration of Acetic Acid with Sodium Hydroxide 


Ordinary analytical titrations of acids and bases take account only of 
the end point or point of equivalence, the changes in concentration of the 
acid or base not being accounted for during the course of the titration. 
Suppose 10 cc. of 0.2N acetic acid is titrated with 0.2N sodium hydroxide. 
The alkali is in the buret and the acid in the beaker, the changes of [H*] of 
the latter will be followed. Acetic acid is a weak monobasic acid, the 
dissociation constant for which is K, = 1.82 X 10-°. This shows a slightly 
dissociated acid; in 0.2N solution only 0.9% of the acetic acid molecules 
being ionized, the remainder being in molecular form. As sodium hydrox- 
ide is added from the buret, sodium acetate is formed, the latter being 
highly dissociated into ions. ‘This sodium acetate is the source of most of 
the acetate ions, C2H;02~ corresponding to the A~ ions of equation (1). 
[A-] [Salt ] 
[HA] [Acid ]’ 
Substituting this in equation (7) gives 


This being the fact, the factor in equation (7) approximates 


es. = ns [Salt] 
log ja) = pH = log K + log [Acid] (9) 


To give in detail the method by which the change in pH varies with 
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successive additions of the sodium hydroxide to the acetic acid would 
expand this article beyond the limit of its intention. The calculation 
is made by use of equation (9), all the factors of which are easily approxi- 
mated. When calculated or plotted a curve given in Figure 2 results. 
Two facts are to be noted concerning this curve. (1) ‘The addition 
of small amounts of sodium hydroxide at the beginning and at the end of 
the titration produce very large changes in the pH, and (2) in the middle 
portion of the curve, the addition of considerable sodium hydroxide changes 
the pH but slightly. In this middle portion of the curve when the acetic 
acid is half neutralized, the solution exhibits “‘buffer’’ action; that is, it 
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FicurE 2.—Curve showing variation of pH with successive additions of NaOH to 
H-C2H;0O2. 


changes but slightly in its pH on the addition of acids or bases. More will 
be said about this “‘buffer’’ action later. 


The pH Scale 


The normal and molar system of expressing the concentration of acids 
and bases does not distinguish between the quantity of H* ions actually 
present at a given dilution and the potential quantity of Ht ions. The 
pH scale does this and indicates what might be termed the intensity factor; 
that is, it is a measure of the actual concentration of the H* ions present 
in the solution. Recollecting that pH = log at it is to be noted that 
the values are always positive and the higher the concentration of the Ht 
ions, the smaller is the value of pH, while on the contrary, the lower the 
concentration of the H* ions, the higher is the value of the pH. 

There are other advantages. As a change of one unit of pH involves a 





Vou. 5, No. 12 HypROGEN-ION CONCENTRATION 1653 





ten-fold change in the concentration of the H* ions, the system is more 
compact. Further, in the actual determination of the pH of a solution as 
carried out by electrical measurements, many of the relationships are pro- 
portional to the logarithm of the hydrogen-ion concentration and are not 
proportional to the [H+] concentration. 


The pH Value of Pure Water 


The value of K,, for pure water is 10~"4, that is, 
[H+] x [OH-] = Ky = 107", (5) 
For every H+ ion an OH~ ion is simultaneously formed, then as [H+] = 
[OH~], the expression becomes 
[H+]? = 10-™ 
and 


[H+] = 7/10-" = 1077 


Hence, the pH of pure wateris7. It is then seen that a neutral solution has 
a pH of 7, and an acid solution will show a pH less than 7; the greater the 
acidity the smaller will be the value of pH. So also an alkaline solution will 
have a pH value greater than 7; the larger the departure upward above 7, 
the greater the alkalinity. 


Calculating the Value of pH 


Suppose a 0.10N solution of acetic acid is ionized to the extent of 1.3%. 


This would mean that it contains a = 0.0013 gram molecular weights 


(moles) of H+ ions per liter or it is 0.0013N in respect toHtions. The pH 
of the solution is 
— 
en “Sis x io? 
To calculate the numerical value of pH: 
pH = log 1 — log 1.8 X 1073 
log 1 


Subtracting, log 1.3 X 1078 


from which it is seen that a 0.10.N acetic acid solutionhas a pH = 2.89 to 


the nearest three figures. Seeing pH = log a = — log Cy, another way 
H 


of defining the term pH is to say that it is minus the logarithm of the hy- 
drogen-ion concentration. An alternative method of calculating the pH 
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corresponding to a certain [H*] is to note that a solution which is 0.0013N 


in respect to H+ ions might be expressed as being a The logarithm of 


769 is 2.89, which is the pH corresponding to this normality. 

It is conventional to express [H*] so that the tens factor shall show an 
integral exponent. Thus, [H+] = 10~-"!-27 would be converted into the 
form a X 10° in which b is an integer. Thus to find the [H+], or Cy, 
corresponding to pH = 11.27: the problem is to find the unit factor for a 
such that b is an integer. In the problem given: 

[H+] = 1071.27 


= 10-12 + 0.73 
= 10°-73 x 10712 


The antilogarithm of 0.73 is 5.37, then 
{H*t] = 5.37 X 107-2 


Buffer Action 


Although pure water would show a pH of 7, distilled water prepared 
under ordinary conditions will show a pH of considerably less than 7. 
This is due to several causes; notably, absorption of carbon dioxide forming 
carbonic acid and also the solvent action of water on the glass of the con- 
tainer. Water containing no dissolved salts is very sensitive to the addi- 
tion of acids or bases. If to a liter of pure water showing a pH of 7, one 
cubic centimeter of 0.01N HCl is added, the resulting solution would show 
a pH of 5. On the other hand, if to a liter of beef infusion the same quan- 
tity of acid is added, the change in pH is hardly perceptible. The same 
might be said if 0.01N NaOH were added. ‘The solution of beef infusion 
is showing typical “‘buffer’”’ action previously alluded to. Reference to the 
curve of Figure 2 will show that in the middle portion of the curve, at half 
neutralization, the addition of sodium hydroxide to the acetic acid changed 
the pH value but slightly, the solution in the beaker exhibiting buffer 
action. 

The effects of buffer action may be shown as follows: suppose some 
methyl orange is added to distilled water and the solution is divided into 
three parts, one part being reserved for comparison. The solution is 
yellow. ‘To the other two are added a few drops of dilute acetic acid, im- 
parting a pink color indicating an acid condition. Now to one of the pair 
is added a few crystals of sodium acetate. ‘The color reverts to the color 
of the portion kept as a comparator, showing that the concentration of 
the H+ ion has been reduced by the sodium acetate to below the point 
where methyl orange will show the presence of H+ ions. The addition of 
a few drops of even a strong acid does not change the color to the original 
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strong pink. ‘The sodium acetate is acting as a buffer. Acetic acid is 
slightly ionized while sodium acetate is ionized to a much greater extent. 
The sodium acetate providing most of the acetate ions present, disturbs the 
ionization of the acetic acid, increasing the concentration of the acetate 
ions which combine with the H* ions to form undissociated acetic acid, and 
in so doing lowers the H+ ion concentration, causing the disappearance of 
the pink color of the indicator. 

It was pointed out in connection with Figure 2 that when the acetic 
acid was half neutralized the solution showed buffer action. Sodium 
acetate in water solution sets up the equilibrium: 


Nat + C.H302- + H.O == Nat + OHt + H-C,H;02 


and by itself would produce an alkaline reaction due to the presence of an 
excess of OH~ ions. At half neutralization H* ions are also present due to 
the unneutralized acid originally taken, and from the curve it is seen 
that at half neutralization the pH is 4.74, which is acid. If acid be 
added to this solution, the H* ions are taken up to form undissociated 
acetic acid, if OH~ ions are added the acetic acid reacts with it to form 
sodium acetate, thus removing OH~. This solution is then acting as a 
buffer in the region of pH 4.7. 

Buffer solutions may be prepared which will exhibit a definite range of 
pH values by mixing appropriate compounds in definite proportions and 
concentrations as: 

pH range 


Acid potassium phthalate and hydrochloric acid........... 
Acid potassium phthalate and sodium hydroxide 

Acid potassium phosphate and sodium hydroxide 

Boric acid and sodium hydroxide 


Most of the buffer solutions contain a weak acid or base or a salt of a 
weak acid or base and mixtures of these. Such solutions by hydrolyzing 
and by reason of the common ion effect when mixed in definite known 
proportions give the variation of pH desired and at the same time provide 
the buffer effect. Solutions of definite known concentrations of such mix- 
tures may be prepared and the accurate pH measured by potentiometer 
methods. ‘To obtain a solution of definite pH the buffer solutions, such as 
listed above, may be made up and standardized by potentiometer methods 
showing intervals, say, of 0.2 pH. 


Indicators 


Indicators are colored bodies, the color of which alters with the concen- 
tration of the hydrogen ion. ‘To change from the acid color to the basic 
color requires a definite change of hydrogen-ion concentration; that is, 
the pH of the solution must exceed a certain minimum value. The addi- 
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tion of more base raises the pH of the solution, but beyond a certain point 
an increase of pH by the addition of more base will not cause any further 
change in the color of the indicator. Having the solution in this condition 
with an indicator present, adding acid will lower the pH and a point will 
be reached at which the acid color of the indicator appears. The addition 
of more acid intensifies the acid color, but again a point will be reached 
when the addition of more acid will not further alter the intensity of the 
acid color. With most indicators there is a definite range of pH values 
when both colored forms are present. 

An elementary explanation of the causes underlying the changes of 
indicators may be given in the case of methyl orange. ‘This indicator is 
yellow in neutral and alkaline solution and pink in acid solution. It has 
two tautomeric forms. 


I 


a 
me ge wit pg S11. _— 
HSO;—< A >—-N n—< B N—CH 
CH 
(Yellow) : II 
i : 
HSO—C A D-N-N=_B D=N—CH 
CH; 
(Pink) 


When an acid is added to the solution the acid anion displaces the OH group 
of IIB producing the pink form and the amount to which the pink form is 
produced is greater as the concentration of the acid is increased. This is 
at the expense of the yellow form I. In the presence of very little acid 
both forms may be present, but finally with the addition of more acid all 
of form I will be used up and all of form II will have reacted with the 
acid. From this point on, addition of more acid will not change the color 
of the solution. 

On the other hand, suppose an alkali is added to the indicator. Under 
these conditions the sulfonate group, HSOs;, of A takes up the base to 
form a salt of the sulfonate group, favoring the formation of form I at the 
expense of form II and the solution changes to yellow. The same cycle is 
gone through in the reverse order. 

In the case of methyl orange when the hydrogen-ion concentration is 
2.1 X 10~‘ or greater, the form II is in the preponderance. Remembering 


that, 
[Ht] X [OH-] = 10-"* 


the [OH~] concentration corresponding to this [H+] concentration is 
2.1 X 10-* X [OH-] = 10-4 
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10-14 


e1 x 1074 = 4.8 X 1074. 


[OH-} = 
Hence, although methyl orange is not sensitive to minute concentrations 
of hydrogen ions, it is very sensitive to hydroxide ions. Its end point is 
on the alkaline side. On the other hand, phenolphthalein is very sensitive 
to hydrogen ions, its turning point being, [H+] = 9.2 x 10-* with [OH] 
= 1.1 X 10-*. The turning point is on the acid side for phenolphthalein. 


Clark and Lubs Indicators 


While there are a host of indicators, Clark and Lubs have recommended 
a series given below which give a wide range of pH at which an intermediate 
shade of color is observed. 





Color change 
Common name acid-alkaline 





Thymol blue (acid range) Red-yellow 
Brom phenol blue Yellow—blue 
Methyl red Red-yellow 
Brom cresol purple Yellow—purple 
Brom thymol blue Yellow-blue 
Phenol red Yellow-red 
Cresol red Yellow-red 
Thymol blue (alkaline range) Yellow-blue 
Cresol phthalein Colorless-red 

















A series of buffer solutions are prepared showing a pH starting, say at 
1.2, and in pH intervals of 0.2 ranging up to, say, pH 9.8. If to 10 cc. por- 
tions of these buffer solutions in similar test tubes 5 drops of the above 
indicator solutions of proper concentration are added, choosing the indi- 
cator in the pH range listed above, for each indicator there will be noted a 
gradual transition of color varying with the pH content of the tube. The 
color produced when an indicator is added to a solution of unknown pH, 
if the proper indicator be chosen, will show the approximate pH of the 
solution. ‘This color may be matched with one of the test tubes containing 
the indicator and a buffer solution of known pH value. By such a com; 
parison method an approximate value of pH may be obtained. ‘The buffer 
solutions are standardized in the first place by potentiometer methods and 
potentiometer methods are required when greater accuracy is desired. 


Application of Comparison Methods 


Suppose we have a full set of buffer solutions made up and also a full set 
of indicators and it is required to approximate the pH of a culture medium. 
The culture medium may not be water white and may show a turbidity. 
To determine the pH of this culture medium we may proceed as follows: 
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The approximate pH is determined by adding to 10 cc. of the culture 
medium contained in the test tube, 5 drops of the indicators taken in 
succession until one of the indicators is found which is just on the turn. 
This test tube containing the culture medium and indicator is set in a 
comparator box, the plan view of which is given below. 

Suppose the addition of indicator brom cresol purple to the culture 
medium showed that the pH was within its range. Hence, the pH is 
between 5.2 and 6.8. The 10 cc. of culture medium and indicator 
are placed in compartment B (Figure 3), and behind it in compartment E 
is placed a similar tube with 10 cc. of water. Two 10 cc. portions of the 
culture medium are poured into test tubes and introduced into compart- 
ments A and C, while in compartments F and D are tried portions of buffer 








> _  <ED> OCF 
<P. ce co 


solutions having a pH value between 5.2 and 6.8, together with 5 drops 
of the indicator. The tubes are viewed in the direction of the arrows 
in the plane of the paper. It will be found that the same tint of color, 
called the virage, is produced, let us say, when F contains a buffer of pH 5.6 
and D a buffer of pH 5.8. The colors shown by the culture medium tube 
are closely matched by the pair of tubes on each side. ‘The conclusion is 
that the pH of the culture medium lies between 5.6 and 5.8. 

It is common to have on hand a set of buffer solutions in test tubes with 
the proper indicators, sealed off and kept as comparators. 

The object of viewing the color through two tubes was to remove any 
error due to the color or turbidity of the culture medium. By this method 
the colors of the known and unknowns were viewed under the same con- 


ditions. 
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FIGURE 3 


Test for Glycogen. Announcement was made at the Swampscott meeting of 
the A. C. S. of a new test for minute amounts of glycogen, the substance stored in the 
liver to be converted, as the body requires, into sugar. Arnold E. Osterberg has de- 
veloped a test for determining the presence of glycogen in extremely small amounts of 
tissue — Science Service 
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SOME NOTES ON VARIOUS ELECTROLYTES 

The word alkali is of Arabic origin and is derived from Kali, the name of 
a plant. ‘This plant was burned and the ashes extracted with water to 
obtain carbonates of potassium and sodium which were used in soap-mak- 
ing. No distinction between soda and potash was recognized until the 
middle of the eighteenth century. The Greeks and Romans originally 
obtained sodium carbonate by evaporating alkaline waters from arid 
regions and called it nitron or nitrum, respectively. Later they gave the 
same names to the carbonates (chiefly potassium) derived by leaching 
wood ashes. 

Soda is apparently from the old Italian, but its exact origin is uncertain. 

The term potash is of comparatively recent origin and was derived from 
the fact that the leachings from wood ashes were concentrated in iron pots. 

The ancients did not distinguish between acids any more than between 
alkalies. Acid is from acidus, the Latin word for sour. 


Since the alkalies known in early times were practically all obtained in 
the form of carbonates, it is not surprising that they were once defined as 
substances which ‘‘fermented”’ or effervesced with acids. 


Some of the earlier theories concerning the interaction of acids and 
alkalies are weird in the light of present knowledge. In 1683, Dr. Bertrand 
wrote: 

“T say that an acid is a liquid body composed of small firm and pointed 
particles, slightly resembling very fine and delicate needles. This idea 
accords exactly with all the actions of which we see acids to be capable. 
For by its particles of such a shape it excites a prickling when applied to 
the tongue, and is fitted to cause effervescence when mixed with certain 
bodies which it penetrates, and of which it violently disturbs the particles. 
Some of these it dissolves by disturbing and breaking up the tissues in 
penetrating their pores, and others it coagulates by becoming entangled in 
their branching and irregular particles, as occurs with milk. Moreover, as. 
acids are not all entirely alike, as their particles may have different sizes 
and points more or less fine, it should follow that they ought not to dissolve 
every sort of body indifferently, but only those the pores of which are ac- 
commodated to their shapes, and the textures of which cannot resist their 
force and activity. We see therefore that aqua fortis which dissolves 
silver cannot dissolve gold, and that distilled vinegar while it dissolves 
lead cannot act on mercury. 

‘Alkali, on the contrary, should be a solid earthy body the particles of 
which have between their junctions pores of different structure. It is for 
this reason it can be dissolved by an acid, and that it effervesces with it 
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and blunts its points: that it cleans cloth and is capable as alkali of some 
other actions that experience teaches us to recognize. But it is only by 
reason of this particular contexture that it accomplishes these.’’! 

The manufacture of potash was one of the earliest American chemical 
industries. As early as 1600 Europe was beginning to feel the pinch of 
potash shortage. ‘The enormous forest resources of the new world and the 
necessity of clearing land for cultivation led to the hope that the American 
colonies could supply the demand. After many unsuccessful attempts a 
thriving trade was established here. Smith’s “History of Pittsfield” de- 
scribes the process. 

‘The wood was usually cut into lengths of 8 or 9 feet, piled in heaps con- 








PLANT OF THE AMERICAN POTASH AND CHEMICAL CORPORATION AT SEARLES LAKE, 
CALIFORNIA 


taining from 1 to 3 cords, and, when half dry, burned. The ashes were 
placed in large tubs whose bottoms were covered 6 or 8 inches deep with 
brushwood, above which was a 3 inch layer of straw. Water was then fil- 
tered through the mass, till all the soluble matter was carried off in the lye 
which passed through an aperture in the bottom of the tub into a proper 
receptacle. 

‘This lye was then placed in large iron kettles, and boiled until the evap- 
oration left the matter held in solution in a solid form—a dark, almost 
black, crust known to the workmen as brown salts, having a strong alkaline 
taste. These salts consisted of a very large proportion of potash mixed 
with more or less carbonaceous matter, vegetable salts, and a little earth. 

1 Reflections nouvelles sur l’acide et sur l’alcali, 1683. 
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This mass was thrown into a cast-iron kettle of considerable thickness, and 
subjected to a red heat for 1 to 2 hours and most of the combustible matter 
was consumed. ‘The residuum, when cold, was broken up, packed in tight 
casks, and sent to market—the American potash of commerce. It con- 
tained from 5 to 25% of pure potash with impurities in various proportions, 
depending very much upon the care exercised in collecting the ashes after 
the burning of the wood.” 

This trade was interrupted during the war of 1812 and was never re- 
established because of inability to com- 
pete with the Le Blanc soda process 
which was devised at about that time.’ 


The increasing cost of alkalies of 
vegetable origin in Europe led Na- 
poleon to offer a prize for a new proc- 
ess for producing alkali. Le Blanc 
came forward with the process which 
bears hisname. It consisted in heating 
sodium chloride with sulfuric acid to 
form sodium sulfate and hydrochloric 
acid. ‘The sodium sulfate was con- 
verted to carbonate by heating with From a publication of the Solvay Process Co. 
limestone and coal. 
: ; ERNEST SOLVAY, ORIGINATOR AND 
It is said that Le Blanc. never re- Pgerrector oF THE SOLVAY PROCESS 
ceived the promised award and that he pag Ms MANUFACTURE OF CARBONATE 
subsequently died in poverty. 


The Le Blanc process has been largely replaced by the Solvay process, 
introduced in 1866 by Ernest Solvay. ‘The latter process involves the fol- 
lowing reactions: 


CO, + NH; + H,O —~> (NH,)HCO; 
NaCl + (NH:)HCO; —> NH,Cl + NaHCO; 
2NaHCO; —_—> Na2CO3 + H:,O + CO. 


Because of its value in agriculture, potassium is no longer a source of 
alkali. Alkalies are now made almost exclusively from the cheaper and 
more readily obtainable sodium salts. 

The chief sources of agricultural potash are the Stassfurt salt deposits of 
Germany. America is again developing a potash industry, however. The 

2 For a fuller account of the early potash industry of America see “Historical 
Notes upon the Domestic Potash Industry in Early Colonial and Later Times,’ C. A. 
Browne, THIS JOURNAL, 3, 749-56 (July, 1926). 
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largest source of American potash is the concentrated brine of Searles 
Lake, California. By carefully controlled evaporation and a series of suc- 








AN EXAMPLE OF SALT SCULPTURE—THE CHAPEL OF SAINT ‘ANTHONY 
AT WIELICZKA, POLAND 


cessive crystallizations, potassium salts and several by-products are ob- 
tained. 
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Minor sources are the residues from molasses fermentation for the pro- 
duction of industrial alcohol, and slag from blast furnaces.* 


Some sodium hydroxide is now made by the electrolysis of sodium 
chloride solution. ‘This can hardly be classed as an alkali industry, how- 
ever, for its success is dependent upon a good market for the chlorine simul- 
taneously obtained. From an economic standpoint chlorine is the main 
product and alkali a by-product. If alkali alone is required, the Solvay 
process is the more profitable. 


The rock-salt mines of Poland are among the most interesting in the 
world. ‘The salt is about 99% pure NaCl and requires only pulverizing to 
fit it for table use. It is mined in large blocks, and cubes weighing as 
much as eight tons are brought to the surface. 

In some of the mines galleries, chapels, and ballrooms have been carved 
from the solid salt and adorned with pillars and statuary sculptured from 
the same material. 


The first sulfuric acid plant in America was established and operated by 
John Harrison, a pupil of Priestley, at Philadelphia in 1793. It produced 
about three carboys of acid a day. ‘The plant was enlarged in 1807 by the 
construction of a larger chamber but was destroyed by fire about two years 
later. A second plant was built, and consumed about one ton of Sicilian 
sulfur a day. 


A recent study at the University of California* on the washing of milk 
bottles indicates that absolute sterility can be obtained with surprisingly 
low concentrations of alkali. Bottles immersed for four minutes in a solu- 
tion containing 0.7% of NaOH at a temperature of 48.8°C. were found to 
be entirely free from bacteria. 


3 For a more complete discussion of the sources and uses of potash see “‘Potash,’”’ 
R. Norris Shreve, THIS JOURNAL, 4, 230-4 (Feb., 1927). 

4C. S. Mudge and B. M. Lawler, ‘Effect of Alkali Solutions on Bacteria Found, 
in Unwashed Milk Bottles,” Ind. Eng. Chem., 20, 378-80 (April, 1928). 


Survey of Dye Industry. The U. S. Tariff Commission is preparing a survey of 
the domestic dye and synthetic organic chemical industry, representing the results of 
a special investigation of the production in the United States of coal-tar dyes and syn- 
thetic organic chemicals, both of coal-tar and non-coal-tar origin. The survey will 
include a detailed tabulation of coal-tar dyes imported into the United States and also 
official statistics of imports and exports by the large consuming and producing nations 
of the world.— News Edit., Ind. Eng. Chem., 6, 2 (Oct. 20, 1928). 
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SIR HUMPHRY DAVY 


Humphry Davy was born, December 17, 1778, in the Cornish town of 
Penzance, familiar to most of us, in name at least, through the Gilbert and 
Sullivan opera, ‘“The Pirates of Penzance.” His formal schooling was 
brief and somewhat sketchy. When he was sixteen his father died and 
the family circumstances—never more than moderate—did not improve. 
Accordingly he was apprenticed to a physician of that locality, with whom 
he remained for some years, although not for the complete term of his 
apprenticeship. 

Whether his employer kindly released him to enable him to seize a more 
favorable opening or, as one author 
has hinted, in order to be rid of the 
nervous strain occasioned by Davy’s 
sometimes disastrous chemical ex- 
periments, we cannot positively say. 
At any rate, we find Davy next as 
assistant to Dr. Beddoes at the Pneu- 
matic Institution at Bristol. 

The researches of Priestley and 
others on gases had inspired a new 
medical fad. The Pneumatic Insti- 
tution was founded for the purpose of 
testing the usefulness of various gases 
as medicines. Davy undertook the 
functions, not only of an investigator, 
but of a laboratory animal as well, 
for he accomplished many of his 
tests by personally inhaling the gases 
prepared. In this way he discovered 
the physiological properties of nitrous 
oxide, called ‘laughing gas’’ because of the hysteria which is one of its 
after-effects. Apparently the anesthetic potentialities of the gas were not 
appreciated at that time for it was not used as an anesthetic until much 
later. 

Some of Davy’s other experiments did not result so happily for he in- 
haled several gases which we now know to be very poisonous. Fortunately 
for science, he escaped with his life, but not without some damage to his 
health. 

In the meantime the Royal Philosophical Institution had been founded 
at London, largely through the efforts of Count Rumford, and Davy was 
offered the post of assistant lecturer and experimenter to the Institution, 
with prospects of ultimately becoming sole professor of chemistry. He 


Sir Humpury DAvy, P.R.S. 
From the Portrait by Lonsdale. 
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accepted this post at the age of twenty-three, and began the series of public 
lectures and experiments which were to prove so popular. 

Davy was a young man of good appearance and pleasing personality 
but he did not rely upon these qualities to win him the favor of his audiences. 
His experiments were planned with infinite care, as were his lectures, and 
he rehearsed both before his assistants. 

In the matter of research the young experimenter was not given alto- 
gether free rein. ‘The Institution had a number of pet problems which it 
was his duty to undertake, and he investigated them quite competently. 
He also found time, however, to begin the experiments which later raised 
him to eminence in the chemical world. ‘These were his experiments on 
electrolysis, which reached their climax in the discovery of potassium and 
sodium. 

He had begun by electrolyzing solutions. When he investigated solu- 
tions of the alkalies, however, he found that water was decomposed into 
hydrogen and oxygen—the alkalies were apparently unattacked. Ac- 
cordingly he adopted a somewhat different technic. 

‘“‘A small piece of pure potash, which had been exposed for a few seconds 
to the atmosphere, so as to give conductive power to the surface was 
placed upon an insulated disk of platina, connected with the negative 
side of the battery in a state of intense activity; and a platina wire com- 
municating with the positive side was brought in contact with the upper 
surface of the alkali... . 

“Under these circumstances a vivid action was soon observed to take 
place. ‘The potash began to fuse at both its points of electrization. There 
was a violent effervescence at the upper surface; at the lower, or negative 
surface, there was no liberation of elastic fluid;! but small globules, having 
a high metallic luster, and being precisely similar in visible characters to 
quicksilver, appeared, some of which burnt with explosion and bright flame, 
as soon as they were formed, and others remained, and were merely tar- 
nished and finally covered by a white film which formed on their surfaces. 

“Soda, when acted upon in the same manner as potash, exhibited an 
analogous result; but the decomposition demanded greater intensity of 
action in the batteries, or the alkali was required to be in much thinner 
and smaller pieces. 

‘The substance produced from potash remained fluid at the temperature 
of the atmosphere at the time of its production;? that from soda, which 
was fluid in the degree of heat of the alkali during its formation, became 
solid on cooling, and appeared having the luster of silver.” 


1 The earlier chemists sometimes spoke of gases as “‘elastic fluids.” 

2 Probably the potassium first obtained by Davy was alloyed with sodium, due 
to the impurity of the alkali employed. A potassium-sodium alloy is liquid at room 
temperature, but neither sodium nor potassium is. 
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It remained for the new elements to be classified and named. 

‘Should the bases of potash and soda be called metals? The greater 
number of philosophical persons,” he says, ‘“‘to whom this question has been 
put, have answered in the affirmative. ‘They agree with metals in opacity, 
luster, malleability, conducting powers, as to heat and electricity, and in 
their qualities of chemical combination. 

‘Their low specific gravity does not appear a sufficient reason for making 
them a new class, for amongst the metals themselves there are remarkable 
differences in this respect In the philosophical division of the classes 
of bodies, the analogy between the greater number of 
properties must always be the foundation of arrange- 
ment. 

“On this idea, in naming the bases of potash and soda, 
it will be proper to adopt the termination which by 
common consent has been applied to other newly dis- 
covered metals, and which, though originally Latin, 
is now naturalized in our language. 

“Potassium and sodium are the names by which I 
have ventured to call the new substances, and what- 
ever changes of theory, with regard to the composition 
of bodies, may hereafter take place, these terms can 
scarcely express an error; for they may be considered 
as implying simply the metals produced from potash 
and soda. I have consulted with many of the most 
eminent scientific persons in this country upon the 
methods of derivation, and the one I have adopted 
has been the one most generally approved. It is per- 
haps more significant than elegant. But it was not 
possible to found names upon scientific properties not 
common to both; and though a name for the basis of 
soda might have been borrowed from the Greek, yet 
an analogous one could not have been applied to that 
of potash, for the ancients do not seem to have distin- 
guished between the two alkalies.” 

Davy also investigated the greenish gas discovered by Scheele and by 
him called dephlogisticated marine acid air. Lavoisier had studied the 
same gas and called it oxymuriatic acid. It was Lavoisier’s notion that 
all acids must contain oxygen. ‘This greenish gas and hydrogen were the 
components of muriatic® acid, hence, so Lavoisier thought, the gas must 
be the oxide of an unknown element. 

No doubt Davy suspected the gas of being, itself, an element. It is 
certain that he did not believe oxygen to be an essential constituent of 

2 Hydrochloric. 


ONE oF Davy’s 
SAFETY LAMPS 
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acids. He treated the gas with a wide variety of substances known to have 
great affinity for oxygen and showed that the resultant compounds were 
not the oxides of the reagents employed. Although he did not prove that 
chlorine was an element he showed that it was not decomposable by any 
means which he could devise. He cautiously refrained from making any 
claims which his work was insufficient to support and named the gas 
chlorine because of its color. 

It is interesting to note, also, that Davy produced the first carbon arc, 
although he did not attempt to make any practical use of it. Infact, the 
use of the carbon arc for lighting purposes would have been distinctly 
impractical in his day, for no economical or constant sources of current 
were available. 

The Davy safety lamp, in which the flame is protected from explosive 
external gases by means of a wire gauze, has been employed almost uni- 
versally by miners. 


STUDENT CONTRIBUTIONS 


Is your chemistry club carrying on some worthwhile project? Have 
you, yourself, an interesting chemical hobby? Have you devised an 


original chemical experiment or piece of apparatus? Have you built a 
working model of a chemical plant or a piece of chemical machinery? 
Have you a chemical collection of any kind? 

Tell us and other students about it in an article of not more than one 
thousand words. If possibie, illustrate your article with drawings or 
photographs, or both. In preparing your manuscript, observe the direc- 
tions to authors set forth on page 1534. 

Ten dollars will be awarded the high-school or undergraduate college 
student contributing the best item received on or before January 15, 
1929. Five dollars will be paid for any other articles accepted for publi- 
cation. Address your contribution to the Associate Editor, JOURNAL 
OF CHEMICAL EpucaTION, the Johns Hopkins University, Baltimore, Md. 


- 


Increased U. S. Tariff on Barium Carbonate. The cost, in the United States, 
of producing precipitated barium carbonate used in the manufacture of enamel 
wall paints and optical glass, exceeds the cost of production in Germany, the 
principal competing country, stated the United States Tariff Commission, in a 
report to President Coolidge. Accordingly the president, upon the findings of 
the Commission, proclaimed a 50 per cent increase in the tariff. The Commission’s 
report resulted from a cost of production investigation which it instituted upon applica- 
tions from the Bertha Mineral Co., of Newark, N. J.; the Barium Reduction Co., of 
Charleston, W. Virginia; and the Chicago Copper and Chemical Co., of Blue Island, 
Illinois.—Chem. Age, 19, 289 (Sept. 29, 1928). 
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A UNIQUE LABORATORY* 


FRANCIS P. FLEMING, St. CHARLES SEMINARY, CARTHAGENA, OHIO 


The chemical laboratory is so intimately connected with the science of 
chemistry, that, without experimentation, the true spirit of the science 
cannot possibly be acquired. When the name chemist chances to reach 
the ear, there is conjured up in the imagination a picture of a man wearing 
a rubber apron, perhaps rubber sleeves and gloves, and mixing together 
various kinds of ‘‘liquors.””. In the minds of all, the scientist is surrounded 
with the complete environment of the laboratory. And this is only as it 
should be, for the ‘‘workshop of the chemist’’ is a sine qua non condition, 
not only for the acquisition of productive knowledge in the veriest of tyros, 
but also for the fructifying of that knowledge in the greatest of masters. 
Chemistry, which has so changed the face of the world, has evolved from 
the hidden recesses of chemical laboratories. 

But, here were we, just one year ago this month, two enthusiastic de- 
votees of chemistry, ready for intensive work in the science, most anxious 
to plunge into its depths—and no place was at hand in which we could do 
our ‘‘plunging;’’ no laboratory tempted us to try our skill. The one year 
of general chemistry offered to us during college days had served to whet 
our appetities most keenly for more. But what course was open to us, 
when all avenues leading to the fulfilment of our ideals seemed closed? 
Only one, and that was to build a laboratory of our own. We pooled our 
resources, therefore, and decided that if all went well, we were going to 
have that laboratory. 

Before starting upon any definite program, we had to determine what 
line of chemistry, descriptive or analytic, would be most beneficial to us. 
Upon the advice, and with the promise of the continuous help of our former 
instructor, it was decided to enter the analytic field, the text of A. A. 
Noyes on ‘‘Qualitative Chemical Analysis’ being chosen as our guide. 
Accordingly, all plans for laboratory equipment were made in such a way 
as to facilitate the attainment of this end. By judicious buying, we ob- 
tained, with our limited resources, all the necessary apparatus, and a supply 
of chemicals which would last for the next five years; serving not only for 
the one-year course of analytical chemistry, but also for anything that we 
should care to undertake thereafter. 

Under our eager hands, the laboratory gradually took definite form. A 
handy work-table was erected, shelves for the chemicals, a hood to take 
out the various unnecessary fumes, in fact everything that was recom- 
mended to us by an able analyst as tending to simplify and perfect manipu- 
lation. ‘The work-desk was covered with a plate of Venetian glass, and I 


* Winner of ten-dollar award in the student contribution contest closing November 
15, 1928. 
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must say that this plate has done more to keep the laboratory in a neat 
condition than anything else devised for that purpose. A very simple 
hydrogen sulfide generator was manufactured out of a large wide-mouthed 
bottle and a lamp chimney, according to the directions outlined in that 
vade mecum of analysts, the manual of Fresenius. After much “wracking 
of brains” a suction pump for filtration was constructed from an old 
automobile pump by reversing the plungers and the valve. Though 
crude, it is very efficient, most admirably serving the purpose for which it 
was devised. The laboratory was now nearly complete, and when lino- 
leum was laid on the floor, a bookcase and study-desk installed, we consid- 
ered ourselves very comfortably situated for the real work that was yet to 
come. 

Fully one-half of the chemicals with which our shelves are stocked 
were made, purified, crystallized, and recrystallized by our own hands. 
This was done, not only for the sake of the experience which we derived 
from it, but also to effect a saving in the cash outlay, which had to be made 
from very limited resources. The solutions as required according to the 
method of A. A. Noyes having been most carefully prepared, we deemed 
everything to be in order. The laboratory was in such shape as to invite 
us to ‘‘fall to’”’ without delay. We were ready to begin our study of one of 
the most interesting and useful forms of chemical science, v7z., analysis. 

It may easily be imagined with what great trepidation we began our first 
work. And surely we had cause to tremble, for we were undertaking a 
task without one of the most valuable of assets, the supervisor. We 
plunged, however, and all has not been in vain. In three months of spare 
time, we have finished the first three parts of the course, namely, the silver, 
the copper-tin, and the aluminum-iron groups. ‘To use the intellect as well 
as the memory is the chief object which we have placed before ourselves. 
Stieglitz’s admirable course in the theory of qualitative analysis, we have 
tried to absorb thoroughly, and with its information, to explain in detail 
each step taken. The course cannot therefore be called mechanical. 
References to numerous other authors, such as Fresenius, Treadwell, Mc- 
Pherson, and parts of TH1s JOURNAL, have been made with the object of 
simplifying the analyses as much as possible, but still retaining every item 
necessary for complete and accurate analysis of a specimen. Since ‘the 
first part (which extensive reading has convinced me is the most difficult) 
has been passed with such zest and success, we are looking to the future 
with confidence supreme. 

The first (silver) group, with all its principles of complex ions and com- 
mon-ion effect, was certainly a most interesting and enlightening introduc- 
tion. Most of the theories exemplified in qualitative analysis, especially 
the mass law, had been running hazily through my mind as they were enun- 
ciated in the various general chemistry texts whose acquaintance I had 
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been fortunate enough to make, namely, Smith, Remsen, and Mellor. 
But analytical work brought these theoretical notions into practical ac- 
tualities. In the manipulative procedure, not much divergence was made 
from the method of Noyes. His procedure, together with his notes and 
questions on the procedure, do not leave much to be desired. 

The second (copper-tin) group, however, was not so simple. The 
manipulation demands extreme care, and the principles of solubility- 
product and fractional precipitation come into play to such an extent, that 
if one has not mastered the mass law before taking up the group, he surely 
must know it afterward. The second group as a whole is most neatly 
worked out by Noyes. A few changes, however, were made in order to 
satisfy my sense of simplicity and accuracy. The repression of the copper 
ion for the determination of cadmium was effected by the formation of the 
complex Cu(CN).“ion with KCN, rather than by the reduction of the ion 
with Fe powder. No difficulties were experienced by the substitution of 
this much simpler method. The confirmatory test for bismuth was also 
found to need improvement for the sake of greater accuracy. The test 
involves the use of sodium stannite. We are directed in the text to mix 
carefully SnCl, and NaOH, and then to apply the Na,SnO; thus formed to - 
the supposed Bi(OH); in the filter. A black coating of metallic Bi will 
be formed on the filter paper if the sodium stannite is in good condition. 
But we cannot always be absolutely sure of the condition of the NagSnOz, 
so that the results obtained are rather precarious. If, instead, the supposed 
Bi(OH); on the filter is first moistened with NaOH, and then with SnCl, 
there is no chance for the Na,SnO2 to decompose without effect, and con- 
sequently, the results will be much more certain. I can safely recommend 
this procedure to any one who has experienced any trouble with Noyes’ con- 
firmatory test for bismuth. 

Somewhat farther than this, indeed, have we gone in our determined 
effort to acquire an adequate knowledge of analysis, but the narration of 
our activities in the third group, and the demonstration of the numerous 
advantageous changes effected therein would form material for another 
and more lengthy article. The past is gone, and the future lies before us. 
Who can say what it will hold for us? It is uncertain, indeed, but looking 
back upon the success of the past, we are imbued with great confidence. 
The work entailed is great, to be sure, but the interest and utility of the 
science can but lure one on to the end—‘‘He who desires the end, desires 
the means.’ We hope for the best. With the closest contact with au- 
thority that is in our power, we shall struggle onward toward our ideal, 
trusting that our interest in the science may in time render us capable of 
contributing our small part in its great purpose—the advancement of 
civilization. 
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THE WATER SUPPLY* 


D. W. PRICHARD, 5322 N. 121TH St., PHILADELPHIA, PENNSYLVANIA 


The water supply is an admirable topic to be studied by a city high- 
school chemistry club. It is now being studied by the Chemistry Club of 
the Northeast High School of Philadelphia. 

The first step taken by the club under the supervision of two members of 
the faculty was to divide its members into committees. Eight committees 
were suggested: (1) a committee to study the history of the water supply, 
(2) a committee to study the sources of water supply, (3) a committee to 
study the distribution of water, (4) a committee to study the health prob- 
lem, (5) a committee to study the analysis of water, (6) a committee to 
study the contamination of water, (7) a committee to study the purification 
of water, (8) a committee to supply the club with pictures desired by 
various other committees, (9) a committee to prepare a map showing the 
location of the various stations of the water bureau, and (10) a committee 
to study the relation of the water system of Philadelphia to the water 
systems of other large cities. 

Each committee is to prepare a report covering its field of study. Com- 
mittees number 8 and 9 are of course exceptions. 

The reports are to be edited under the guidance of the faculty advisors 
and published in pamphlet form. If the work is well done the pamphlet 
will be used by the chemistry classes of the school. 

Material for reference may be obtained from the public libraries and 
from the state and government printing offices. Additional and most im- 
portant information was obtained by interviewing the chief of the water 
bureau and obtaining his permission to visit the plants and laboratories, and 
to have access to any references owned or published by the water bureau. 

This project has been carried out by several other schools with great 
success and due to our sources of information we are confident that our work 
will be valuable to us and the succeeding classes of the school. 

* Winner of five-dollar award in the student contribution contest closing November 
15, 1928. 


Monument to Pasteur Dedicated at Chicago. A monument to Louis Pasteur, the 
French bacteriologist, was unveiled on the lake front at Chicago on October 27th, amid 
impressive ceremonies in which Vice-President Dawes and-the French Ambassador, 
Paul Claudel, and his daughter, Reine, took part. 

The monument, of Italian marble, stands at the west end of the Field Museum of 
Natural History. It was designed by Leon Hermant, a sculpture of Chicago. 

At the monument was William T. Lane, Irvington, N. J., who sailed for Paris on 
December 9, 1885, to become the first American treated for rabies by Pasteur. 





AN IMPROVED HOT-WIRE GLASS CUTTER 


I was surprised to find that Baker and Haldeman, in their description 
of “An Improved Hot-Wire Glass Cutter” in the October issue of the 
JOURNAL OF CHEMICAL EDUCATION, state that their cutter cannot be used 
for Pyrex glass. I have been using a cutter similar to this for the last two 
years and have consistently cut Pyrex glass tubing up to two inches in 
diameter. All that is necessary is to have a scratch (preferably made with 
a glass knife) running clear around the tube, and then, when the circum- 
ference has been well heated with the wire, drop on the scratch a little 
water from a pipet. 

GreEGcG M. Evans 


YANKTON COLLEGE, 
YANKTON, S. D. 


VOCATIONAL INFORMATION THROUGH CHEMISTRY 


Some time ago Mr. Graves, the Commissioner of Education of the State 
of New York, issued a statement to the effect that Continuation Schools 
in New York are of a secondary nature. The question arises as to what 
subjects of a secondary nature can be taught in a Continuation School 
which will be of practical use to the boy in understanding some of the 
many processes used in industry. 

One of the purposes of the Continuation Schools is to wii the boy as 
much as possible by giving him an idea of the different trades in order 
that he may make a choice of that which interests him most. 

A course given at the Brooklyn Boys’ Continuation School is The Prac- 
tical Chemistry Course. ‘The object of this course is not to make chemists 
of the boys, but to give them an elementary idea of the different chemical 
processes used in industry. The course is given to the boys of the auto- 
mobile class, so that they may understand the importance of chemistry 
to automobile manufacture. It is a well-known fact that chemistry today 
is the basis of industry but how many appreciate that fact? It is about 
time, I think, that chemistry from a vocational viewpoint should be 
stressed. By learning how important chemistry in industry is, a boy can 
appreciate much more the processes used in making a piston, a rubber 
tube, or a glass shield. 

The methods used in teaching this subject are: the forum method, the 
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concrete method, and the question-and-answer method. At each period 
the lesson is made as complete and independent a unit as possible. The 
topic and reference for subsequent periods are given so that each pupil 
may look up these topics and then discuss them in class. Demonstrations 
are used with the purpose of having the boys draw their own conclusions; 
1. é., to enable them to discern causal relationships and to realize the impor- 
tance of doing things in a logical way. 

No laboratory work is given, the demonstrations being given by the 
teacher. ‘The boys would, if laboratory work were given, be able to de- 
velop self-confidence in their ability and arrive at independent conclusions. 


Typical Outline of a Lesson 


Title: Making steel. 

Materials used and their geographic distribution: Iron ore from Michigan, 
Minnesota, and Wisconsin; limestone from Michigan; coke from Penn- 
sylvania and West Virginia; air preheated to 1500°F. 

Blast furnace method: (1) The structure of a blast furnace (this is de- 
scribed and shown by means of large sketches, and a furnace is shown 
charged with the above materials); (2) preheated blast air received from 
heaters (here the chemical action is described); (3) collection of molten 
iron (pig iron); (4) disposal of the slag. 

Refining the molten iron (pig tron): Description, the heat required, pur- 
pose—elimination of excess carbon and impurities, separation of the slag 
from the steel, pouring off the molten steel into ingots. 

The importance and composition of the different grades of iron and steel 
as used in the automobile are also studied. 

J. F. PADULA 

1801 69TH STREET, 

BROOKLYN, N. Y. 


Trace Ancient Metal Trade Routes by Chemical Analysis. Solving the riddle of 
ancient trade routes with test tube and chemical spectroscope is the surprising pro- 
cedure reported before the British Association for the Advancement of Science at 
Glasgow by a committee of museum workers headed by H. J. E. Peake. 

Archaeologists wanted to know where the men of Sumer, oldest of Mesopotamian 
kingdoms, got their copper. The records written in the bricks do not tell. So metal- 
lurgical chemists analyzed the weapons and implements these ancients used, and then 
sought through all the parts of Asia round about for copper deposits that would match 
their analyses. 

The Sumerian copper contained a little nickel as an impurity, and the search for a 
vein of copper ore that contained nickel was taken up. It proved to be a long one. 
Ores from Persia, the Black Sea region, the Sea of Marmora, Cyprus, Egypt, and Sinai 
were examined, but yielded no nickel. Finally, an ore of the right quality has been found 
in the State of Oman, on the Persian Gulf corner of the Arabian peninsula.— Science 
Service 





THIS MODERN CULTURE 


In a recent article, ‘“The Cultivated Man,’! Dr. Charles W. Eliot dis- 
cusses the modifications made by the past century in the ideal of culture 
and the means of attaining that ideal which the modern system of edu- 
cation offers. Accepting Matthew Arnol@’s dictum that “educated man- 
kind is governed by two passions—the passion for pure knowledge and the 
passion for being of service or doing good,’”’ Dr. Eliot maintains that the 
nineteenth century’s most significant contribution to the realization of 
these desires has been the scientific method of inquiry, and he quotes an 
admission of present-day humanists that ‘“‘an interpenetration of humanism 
with science, and of science with humanism, is the condition of the highest 
culture.”’ 

He indicates the elements that mold our latter-day man of culture as 
(1) the formation of character in the “‘stream of the world.”” “The 
stream,” he says, “‘is what it has been, a mixture of foulness and purity, 
of meanness and majesty; but it has nourished individual virtue and 
race civilization.’’ (2) An extensive knowledge of some great literature 
and the power to use at least one’s native language with elegance and 
accuracy. (3) Assimilation of some part of the store of human 
knowledge. 


What portion or portions of the infinite human store are most proper to the cul- 
tivated man? ‘The answer must be: those which enable him, with his individual per- 
sonal qualities, to deal best and sympathize most with nature and with other human 
beings. It is here that the passion for service must fuse with the passion for knowledge. 
It is natural to imagine that the young man who has acquainted himself with economics, 
the science of. government, sociology, and the history of civilization in its motives, ob- 
jects, and methods, has a better chance of fusing the passion for knowledge with the 
passion for doing good than the man whose passion for pure knowledge leads him to the 
study of chemical or physical phenomena, or the habits and climatic distribution of 
plants or animals. Yet, so intricate are the relations of human beings to the animate 
and inanimate creation that it is impossible to foresee with what realms of nature in- 
tense human interests may prove to be identified. ‘Thus the generation now on the 
stage has suddenly learned that some of the most sensitive and exquisite human in- 
terests such as health or disease, and life or death for those we love, are bound up with 
the life histories of parasites on the blood corpuscles or of certain varieties of mosquitoes 
and ticks. When the spectra of the sun, stars, and other lights began to be studied, 
there was not the slightest anticipation that a cure for one of the most horrible diseases 
to which mankind is liable might be found in the x-rays. While, then, we can still see 


1 The Golden Book Magazine, 8, 485-90 (Oct., 1928). 
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that certain subjects afford more obvious or frequent access to means of doing good and 
to fortunate intercourse with our fellows than other subjects, we have learned that there 
is no field of real knowledge that may not suddenly prove contributory in a high degree 
to human happiness and the progress of civilization, and therefore acceptable as a 
worthy element in the truest culture. 


(4) Dr. Eliot emphasizes as a final essential in the preparation of the culti- 
vated man the training of the imagination. ‘Constructive imagination,” 
he argues, 


is the great power of the poet as well as the artist; and the nineteenth century has 
convinced us that it is also the great power of the man of science, the investigator, and 
the natural philosopher. ...The educated world needs to recognize the new varieties of 
constructive imagination. ..the kind which conceived the great wells sunk in the solid 
rock below Niagara that contain the turbines, that drive the dynamos, that generate 
the electric force that turns thousands of wheels and lights thousands of lamps over 
hundreds of square miles of adjoining territory; or the kind which conceived the send- 
ing of human thoughts across three thousand miles of stormy sea instantaneously, on 
nothing more substantial than ethereal waves......They are calm, accurate, just and 
responsible; and nothing but beneficence and increased human well-being results from 
them. There is room in the hearts of twentieth-century men for a high admiration of 
these kinds of imagination, as well as for that of the poet, artist, or dramatist. 


In his opening paragraphs, Dr. Eliot remarks that our system of popular 
education has to do, 

...-not with the highly gifted units, but with the millions who are more or less 
capable of being cultivated by the long, patient, artificial training called education. For 
us and our system the genius is no standard, but the cultivated man is. To his stature 
we and many of our pupils may in time attain. 


He concludes, however, with an admonition to the teaching profession, 
that it should not expect to produce this finished type in any high ratio. 


We seldom find combined in any human being all the elements of the type. ...We 
must not expect systematic education to produce multitudes of highly cultivated and 
symmetrically developed persons; the multitudinous product will always be imperfect. . 
Let us as teachers accept no single element or kind of culture as the one essential; let 
us remember that the best fruits of real culture are an open mind, broad sympathies, and 
respect for all the diverse achievements of the human intellect at whatever stage of 
development they may actually be—the stage of fresh discovery, bold exploration, or 
complete conquest. 


Turning from this contented survey, we find Dr. Bernard DeVoto, in 
‘Tools for the Intellectual Life,’”’* taking a particularized and by no means 
satisfied view of the means of culture available in the modern college sys- 
tem to the young man who looks upon education ‘‘as the process by which 
one’s mind is given discipline and discrimination, orientation in the modern 
world and understanding of it, and the adult ability to derive satisfaction 
from knowledge and from the pursuit of knowledge for its own sake.” 


2 Harper's Magazine, 941, 602-9 (Oct., 1928) 
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Dr. DeVoto seems to have chosen a still purer type, one with a single 
passion, unhampered by that desire for service, ‘‘the omnipresent 
sense of social obligation’? which Dr. Eliot stresses. From the path 
of this youth, admitted to be so nearly hypothetical as to represent not 
more than one per cent of all undergraduates, Dr. DeVoto sweeps, with a 
determined program, the “fetish of the degree.” This selected student 


lacks 













the indolent concept of education as an entity whose achievement can be blown 
in the bottle or stamped on the label... ..All he asks of his college is that he be allowed 
to take there the first steps toward a method of thinking which he hopes eventually to 
make habitual—to put under way a process which will continue and, ideally, will ac- 
celerate during the rest of his life. In other words, his demand is that he be made 
familiar with the capacities and limitations of certain intellectual tools, and that he be 
given sufficient practice with them to master the technic with which they may be ef- 
fectively employed. Leaving college at the end of the traditional four years, he will not 
be an educated man, not a man warranted complete ‘in the intellectual life, but a man 
who has, in the process of learning to use the tools of knowledge, acquired some knowledge 
perhaps, but primarily the means of acquiring more. 


Dr. DeVoto advocates the facile use of the tool of linguistic proficiency 
for a proper concept of the modern world and of a man’s place in it. He 
recommends mathematics (but only to those naturally adapted to it) as 
a help 

toward the great goal of intelligent men, impersonal thinking. If he has a turn 
for mathematics and develops it sufficiently, he will eventually be able to think of 
phenomena purely as phenomena. He will then be able to bring to the chaos of think- 
ing one of the most effective tools for the resolution of chaos. He will have a considerable 
reward, also, in his ability to understand mathematical thinking in fields outside the 
traditional ones of mathematics. 


























Physics, 





The third essential, says Dr. DeVoto, is the study of science. 
chemistry, and zodlogy are recommended 


....on the ground that they deal directly with basic properties of matter and with 
basic properties of life—with the reality of the objective world...... The essential is 
that the student study as much science as possible... .. till he knows and understands 
the concepts of science, the methods of science, the results of science—and, let me add, 
the true nature of what science is not as well as what it is, its limitations, and the prob- 
lems that it does not hope to solve. 









With the mastery of these tools, Dr. DeVoto considers his student ready 
for the invasion of the fields of history and literature, but in these, 






He will avoid courses. ..he can do better by himself. This is not to say that he 
will avoid the men who give the courses. He must regard them as specialists, to be 







freely consulted for guidance. ...He needs expert guidance not only for bibliographical 
purposes but also to avoid the disaster of undirected reading on routes already charted. 
In such a plan of education... . perpetual wrangling is a necessity. Education becomes 






a series of disputes with men who know more than oneself—a sustained contention with 
experts while one tries to make oneself an expert as well. 
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Since Dr. DeVoto admits this one element in the modern college, the 
contact of professor and student, as a formative influence for his young 
aspirant to pure culture, he would perhaps agree with the conclusions of 
William B. Munro who, in an article entitled ‘‘Quack-Doctoring the 
Colleges’’* outlines a weary and conflicting list of reforms which are daily 
urged on our institutions of learning. Dr. Munro says, 


There is no substitute and there never can be any substitute for men in the process 
of education—for earnest, enthusiastic and capable men in the faculty and in the student 
body. Given these you have a great college; without them, all the new-fangled methods 
will never avail an institution much. Nearly all the problems of collegiate education 
merge into two fundamental ones—handpicking the student body and recruiting the 
faculty. The college that does both things well is on the high road to ultimate distine- 
tion; and the one that relegates them to a secondary place in its program, while it 
goes philandering after mirages, is inexorably headed to the rear of the procession. 

It is men, not methods or measures, that determine whether a college shall be 
first-rate or second class. Or, to put it more accurately, first find the men and the 
methods will take care of themselves. I should like to find some college with the right 
men and the wrong methods of education. I don’t believe there is one. 


Me Ax€. 
3 Harper’s Magazine, 940, 478-82 (Sept., 1928). 


QUANTITY, QUALITY, AND ECONOMY IN EDUCATION 


We are all aware of numerous problems confronting the present American 
educational system. According to Dean Wm. F. Russell of Teachers’ 
College,! one of the most perplexing of these problems is three-fold— 
(1) greater numbers of pupils must be accommodated, (2) better quality 
of training must be offered, and (3) greater economy in all public expendi- 
tures must be observed. When we consider that ‘‘our nation was founded 
upon the assumption that all men are created free and equal,” it appears 
only as a natural consequence that the American people have ‘‘come to 
believe that all should have an equal chance” in education. Dean Russell, 
in discussing the popular demand for quantity education, states: 


We desire no leader to be selected on account of his wealth alone, no child to be 
bound by the accidents of birth; and we hope that the time may soon come when the 
race of life will be run from an even start with a free field. Franklin and Lincoln are 
our heroes. ‘Onward and upward” is a favorite motto. The most gratifying spectacle 
to most of us is that of the poor boy rising to the gilded heights. The humble origins 
of Smith and Hoover are political capital. This is the explanation of the growth of 
our school system and forrfis the underlying cause of the extraordinary expansion of 
all its parts. The public school is dear to the hearts of the American people. Through 

cit they hope to realize their fondest desires; and they will not rest content until every 


1 Report of the Dean (for the academic year ending June 30, 1928), Teachers’ Col- 
lege, Teachers’ College Bulletin, 20th series, No. 1 (Nov., 1928). 
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boy and girl is given opportunity commensurate with ability, regardless of birth, wealth, 
or health. Americans want more education. 






Intimately connected with this demand for more education is that 
for better quality of education. On reading farther, we find that general 
dissatisfaction with the schools as they are exists among the American 







people. 










Returning travelers receive thoughtful attention when they pronounce American 
education as inferior to European. Merchants and manufacturers complain of the 
deficiencies of the graduates of our schools. Famous critics perceive a lack of thorough- 
ness, they detect a certain softness in our teaching; and they plead for the production 
of true scholars and a return to scholarly ideals. Legislatures enact laws requiring 
higher standards and better teachers. School authorities advance admission require- 
ments and restrict attendance. Certain colleges practically elect to membership a 
favored few. Waiting lists are long. Institutions secure popular support by announc- 
ing as their aim education of fine quality, and they: point with pride to small classes, 
individual instruction, and education by conference under a tutorial system. 
















We cannot consider methods of solving the problems outlined above, 
without investigating the validity of the statements of those experts who 
claim ‘‘the United States cannot afford to support its present educational 
program.’ Dean Russell continues: 












This seems absurd, but one may well pause when he looks into the future. If the 
American people proceed with a policy of extending education widely and at the same 
time increase expenditures in order to work for quality, the time may be not far distant 
when we shall be forced to consider whether we, as a nation, can afford to pay for all 
that we want. It is to be hoped that our economists will address themselves to this 
problem. A portion of the people by their own labors are able to support the balance 
who are not at work—the young, the aged, the ill, the unemployed, and those who are 
in school. The ratio of the productive to the unproductive depends upon a variety 
of factors, among them being wealth of natural resources, geographical location, cli- 
matic conditions, length of the working day, week, and year, degree of productivity, 
economy, and thrift, amount of unemployment, age of retirement, birth and death rates, 
ratio of children to adults, general health conditions, and the effect of the educational 
system upon such of these as are modifiable. Thus the early age of retirement in France, 
the low productivity of China, the frequent holidays of Spain, and the extravagance of 
the United States, considered by themselves alone, would be conditions tending to limit 
the educational program; while on the other hand, the thrift of Holland, the long hours 
of labor of Germany, and the high degree of productivity of the United States, considered 
by themselves alone, would have the opposite effect. From the weighing and inter- 
locking of these factors will come in time the answer to the question of how good and 
how extended an educational system a country can have. It seems reasonable to be- 
lieve that in general we can pay for our present program—and with a more equitable 
distribution of the burden we can probably afford a more extended one; but the time 
will surely come when the limit will be reached and beyond that we dare not go. 























To sum up, then, this three-fold problem of present-day education, 
which is as difficult as it is important: 
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Those who favor quantity are extending educational facilities and welcoming the 
hordes of students who flock to the doors of our schools and colleges. Those who think 
first of quality are restricting attendance in order to do their best for small numbers. 
If it were possible to give a satisfactory education to large numbers in big institutions 
under conditions of reasonable economy, the results would be of utmost importance. 
After all, it is a question of the possibility of quantity production of quality in education. 


We are warned that there is nothing new in this idea and to substantiate 
this statement, we quote: 


Long ago the leading countries of the world embarked upon such a program. Once 
the typical educational relationship was a teacher and one pupil at a time; and even 
in the present day, when one considers the teachers in the old-style schools in Confucian, 
Buddhist, and Mahometan countries, masters with apprentices, and the adults who 
are the teachers among primitive peoples, it is probable that there are more teachers 
in the world teaching one pupil at a time than there are teachers teaching more than 
one. Until relatively recent times, the educational process was looked upon much 
as we view tutoring. In the days when the mass of the people received no schooling, 
when a few were chosen to receive the rudiments of knowledge, and only the children 
of the nobility were to be educated, it was possible to find and support tutors in quantity 
sufficient for the task. 


As civilization progressed, however, there arose a popular demand for 
the education of the masses. ‘This necessitated the abandonment of 
individual instruction. 

Various experiments were made. Individuals otherwise employed were pressed 
into service, assuming teaching in addition to other occupations by which they made 
their living. Thus priests and pastors, dames, and housewives were placed in charge 
of schools. Bell and Lancaster devised plans whereby one could teach hundreds; but 
the class in a school under the direction of a person whose prime function it was to teach 
proved to be the most successful and economical solution to this problem and as such has 
persisted to the present day. Group instruction is an effort toward quantity production. 


The more important problems of quantity in the schools are stated as 


follows: 


Class work has often been criticized adversely. There has been much discussion 
concerning proper limits of effectiveness, upper and lower extremes, and the optimum 
size of the group to be taught. Recent research is giving encouragement to the ad- 
herents of the tutorial system. Careful studies of the exact way in which children 
learn to read, to spell, to add and subtract, reveal that much of it is an individual mat- 
ter. Class exercises, they say, may serve to help the teacher to diagnose difficulties, 
to test results, and to give directions; but the learning process is more economical when 
the individual works alone. This has not forced the abandonment of class work; rather 
it has called for a new technic of teaching. Educators have found ways so to vary the 
procedures of class management that individual instruction can be given under school 
conditions without greatly increased cost. The plan resembles a correspondence course 
given in residence. Undoubtedly the American genius for administration when turned 
to this problem will find in the future more perfect methods of supplementing the indi- 
vidual contacts of teacher and pupil so that better results will ensue. It is said that 
Mark Hopkins on one end of a log and a student on the other would make a university. 
One wonders why so obvious a statement should be handed down from generation to 
generation. Naturally it would be a fine institution and the annual tuition charges 
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per student would be exactly the salary of a distinguished man like President Hopkins. 
The real problem is so to arrange the logs like the spokes of a wheel that a Mark Hop- 
kins may sit at the hub and pupils and students on the rim in numbers sufficient to 
carry the cost with economy. Our public schools are progressing toward a solution. 








Similarly, there are numerous problems of quality in the colleges to be 





solved. 










Once when the colleges were small there were intimate relations between students 
and faculty. Students were few. Famous teachers surrounded by their books gave 
individual attention to a small group. Research was attacked together; interpretation 
was imade incidentally; great scholars were the inspiration; great scholars were the 
result. As a general thing these times are past. Now the colleges have thousands 
of students, huge buildings, multiplicity of offerings, and a variety of departments. 
Professors mourn the days that are gone and the temptation is to try to bring back 
former conditions. But the commitments are here. Students make their demands. 
Sheer numbers force a change. In occasional subjects, such as anthropology or astron- 
omy, the old methods are still possible, but for most subjects they are out of the ques- 
tion. The conference becomes a lecture course. What was formerly personal advice 
is now a printed syllabus. Some of the research guidance is given in a class; and the 
library, formerly the workroom, the meeting room, the research laboratory, and the 
classroom, tends to become a collection of books housed in a separate building, upon 
the campus to be sure, but in no sense holding the intimate and integral relation to the 
life of the institution that once it held. The colleges are not remaining static. De- 
spite the fact that some are strictly limiting attendance, there are many that are trying 
to improve their methods the better to adjust themselves for numbers. There is no 
part of our educational system in which so many changes are being made and so many 
new ideas being introduced. 



















‘Thus we find that, in response to the demand that many be educated, 
the school and college are already making efforts toward quantity produc- 
tion. Modifications in procedures are being made so as to educate the 






many better. 





By giving quality in quantity they are serving the interests of economy; but the 
persistent demands for extended facilities, the criticism of American standards, and the 
call for reduced expenditures indicate that the problem is not yet solved and that much 








remains to be done. 


The remainder of the report quoted above deals with a clear explanation 
of the methods Teachers’ College is using to solve the problem outlined 
quantity, quality, and economy in education. In answer to the ques- 
tion—Is quantity production of quality possible in education?—we quote 
Dean Russell’s concluding paragraph: 













No one can surely say, but we believe that Teachers College is pointing the way 
toward an affirmative answer. There is no reason why it cannot be possible, if to the 
advantages of the large institution can be added the effectiveness of the small. In 
Teachers College we have been able to maintain that friendly contact with the professor 
that was found when students were few. Our laboratories and facilities for work in 
the practical field, while far from perfect, have kept pace with increasing numbers. 
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We hope to continue to improve these close relations, to better the association of student 
with student, and in an important way to develop the library. If, in the face of in- 
creasing numbers, we can continue to provide these intimate contacts with the sources 
of training, usually found only in the small college, and at the same time have the high 
standard of personnel, the rich facilities, and the economical unit costs of the large 
university, we shall play an important part in the realization of the dream of the builders 
of our nation—that every child shall have a chance, that all shall have an opportunity. 
By solving this problem we may be able to help America to provide quality education 
in quantity at a price within the economic limit of the ability of our people to pay. 
M. W.. G. 


UNITED STATES CIVIL-SERVICE EXAMINATION 


The United States Civil-Service Commission announces an open competitive ex- 
amination for Junior Chemical Engineer, $2000. 

Applications must be on file with the Civil-Service Commission at Washington, 
D. C., not later than January 22nd. 

The examination is to fill vacancies in various branches of the service throughout 
the United States. 

The duties are to perform routine testing, inspection of engineering material, 
drawing up plans for minor projects, preparing specifications for engineering material 
or apparatus, performing field work, making computations, preparing maps, assisting in 
conduct of experimental research tests, compiling reports, and handling technical 
correspondence. 

Competitors will be rated on general physics, mathematics, general engineering, 
and chemical engineering. 

Senior students will be admitted to the examination. 

Full information may be obtained from the United States Civil-Service Commission, 
Washington, D. C., or from the secretary of the United States Civil-Service Board of 
Examiners at the post office or customhouse in any city. 


Safety Film of Institute of Makers of Explosives. In connection with the cam- 
paign to reduce the number of accidents to children from playing with blasting caps, 
the Institute of Makers of Explosives has prepared a one-reel motion picture film en- 
titled, “How Jimmy Won the Game.” This film shows forcefully and in a way which 
can be understood by the children the dangers of a blasting cap as a plaything. It is 
based on a story of a baseball game ina smalltown. This film is being offered to schools 
and safety meetings. Copies of it can be had free by addressing C. Stewart Comeaux, 
Secretary, Institute of Makers of Explosives, 103 Park Avenue, New York City. It is 
printed on safety stock and therefore can be shown anywhere. 

In a survey recently conducted by the Institute, it was shown that there are approxi- 
mately 500 children blinded or injured each year as a result of playing with blasting 
caps. Most of these accidents occur in rural districts and are due in every case to the 
carelessness of adults, who leave these objects about where they can be found by the 
children.— Science Service 
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ABSTRACTS 


TEACHING METHODS, AIDS, APPARATUS, AND SUGGESTIONS 


Squaring the Ends of Glass Tubing. G. N. Quam. Chem. Analyst, No. 49, 12 
(Feb.-Mar., 1927).—‘‘When a glass tube breaks in an irregular manner when cutting 
it or when the ends become jagged, the squaring up can be accomplished by the following 
scheme with the least danger of causing further irregular fractures. The tube is held 
firmly in one hand near the end to be squared-up and is rubbed briskly with a wire 
gauze (iron) across the end of the tube with a motion away from the person. If the 
tube is very hard and tough it is usually necessary to strike it with the gauze in order 
to wear down the jagged edge. Shattered ends of combustion tubes, condenser tubes, 
and the like can very easily be trimmed in this manner. The effect of the wire gauze 
seems to be that of a series of flexible files. The writer has found this method to be 

very effective with glass tubing ranging in size from ordinary °/\5." up 
to 1” outside diameter.” M. W. G. 

A Constant Flow Filter-Funnel. CHar.es B. Davis. Chem. An- 
alyst, No. 49, 13 (Feb.-Mch., 1927).—The accompanying cut shows 
the assembled filter-funnel recommended. The funnel (1) rests on the 
outer tube (2) with the stem reaching to the bottom of the tube (3). 
The tube (3) may be unattached, or sealed to the outer tube (2) or held 
by a rubber adjunct. 

In assembling, it is expedient that the stem of the funnel be free from 
contact with the bowl of the reservoir. Either a Buchner or sugar funnel 
with Gooch crucible and rubber ring may be substituted for the ordinary 
funnel. The outer tube should have sufficient diameter to permit the con- 
stant flow and at the same time prevent the siphoning of the liquid from 
the reservoir. 

Advantages claimed are: (1) because of the constant flow produced 
and maintained through the introduction of a stabilizing reservoir, this 
filter-funnel, so called, obviates the necessity for exactness in the con- 
struction of the cone, in fact, that the paper adheres closely to the cone 
is secondary in obtaining the required results; (2) the reservoir serves a 
two-fold purpose in entrapping any and all particles which escape the filter 
paper; (3) the three parts are easily cleaned and readily assembled ; (4) the filter- 
funnel is also adaptable to double filtration. M. W. G. 

An Improved Extraction Apparatus. F. E. Boiron. Chem. Analyst, No. 49, 15 
(Feb.-Mar., 1927).—‘‘A tall, wide-mouthed flask—a wide-mouthed liter bottle might be 
used for low-boiling solvents—is fitted with the condenser 
shown in the sketch. This condenser is made froma large mn_ —— COLDWATER, 
test tube or freezing-point tube carrying a two-hole rubber 
stopper with an entrance tube extending to the bottom 
and an exit tube just clearing the bottom of the stopper. 

Through the stopper holding the condenser in the mouth CONDENSER, 
of the flask are run two stout copper wires, anchored at COPPER WIRE 
the top and bent into hooks at the bottom for the purpose ‘ 
of holding a thimble in which the sample is placed. A very 
small notch is cut in the edge of the stopper to act as a 
vent for the prevention of pressure in the flask. When 
heat is applied to the bottom of the flask containing the aide 
solvent, the vapors rise, are condensed on the cold test A z 
tube, and drip into the thimble and through the sample. £ 

Once the flame is properly adjusted, the apparatus will - = SOLVENT 
run indefinitely without attention. There is practically no 

loss of solvent. A paraffined cork is preferable to a rubber 

stopper for holding the condenser, since it permits the use of solvents which would 
act on rubber.” M 

A Constant Temperature Bath. Synthetic Org. Chemicals, 2, 3 (Oct., 1928).—‘‘The 
organic chemist frequently has occasion for a constant temperature bath, accurate 
within a few tenths of a degree, which can be readily installed and as readily replaced 
on the shelf when it has served its purpose. Such an apparatus must be of simple and 
rugged construction and afford temperatures over a wide range. 

‘These conditions, it is believed, are met by the device here depicted (Figure 1), 
consisting of a bath surrounded by the vapor of a definite liquid or constant boiling 
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mixture of liquids. Small sizes may readily be constructed 
from copper glue-pots, by soldering the inner member to 
the outer, and tubulating the upper portion of the jacket 
for the attachment of a reflux condenser. Larger sizes, and 
those required for temperatures above 150°C., are best con- 
structed in a sheet-metal shop of welded 
black iron plate. | 

“The bath may consist, for temper- 
atures below 100°, of water covered with 
a thin layer of lubricating oil to prevent 
evaporation. For higher temperatures, 
machine or medicinal oils are suitable. 
The apparatus, if suitably covered, also 
forms a convenient air-bath as shown by q 
the accompanying photograph (Figure 2).”’ OW 

The following suggestions are offered il 
for liquids in the vapor jacket: 

35° Ethyl Ether, 42° Methylal, 56° i 








Acetone, 64° Methyl Alcohol, 69° Ben- 
zene—Water (azeotropic mixture), 78° 
Ethyl Alcohol, 84° Ethylene Chloride, 


92° Butyl Alcohol-Water (azeotropic = 
mixture), 100° Water, 110° Toluene, 116° 
Butyl Alcohol, 126° Butyl Acetate, 132° 








Chlorobenzene, 139° Iso-Amyl Acetate, 
157° Bromobenzene, 165° Butyl Butyrate, 








175° Cymene, 183° Aniline, 193° Dimeth- i tec " : 
ylaniline, 206° Tetrahydronaphthalene. FIGURE 1 FIGURE 2 
a) = a 3 

A Mechanical Agitator. G.N.Quam. Ind. Eng. Chem., 20, 908 (Sept., 1928).— 
An agitator, with diagram, devised for determining the relative rates of corrosion of 
metals exposed to common food products is described. The application of this device 
could be extended to other problems. M. W. G. 

Apparatus for Determining Melting Points. S. 
Avery. Ind. Eng. Chem., 20, 570 (June, 1928).—‘‘The 
tube is essentially a Thiele tube, lengthened for the 
use of an Anschiitz total-immersion thermometer and 
modified to permit mechanical circulation by means 
of a propeller. The fluid is liquid petrolatum or gly- 
cerol. If sulfuric acid is to be used, the propeller and 
shaft should be of glass and the bearing in which the 
shaft turns should be of lead. The propeller may be 
constructed with arms, or in the form of a spiral. 
The bearing should fit the tube fairly closely. The 
shaft is driven by a small fan motor at about half the 
motor’s maximum speed. 

“The tube is heated in the same manner as the 
Thiele tube, but less care is required than in an appa- 
ratus depending upon gravity for circulation. The 
temperature of the liquid can be regulated with great 
precision. The tendency of the thermometer to fluc- 
tuate, when the tube is heated slowly, is avoided.” 

M. W. G. 

The Fluorescence Microscope. FRANK E. CHAL- 
us. Trans. Ill. St. Acad. Sci., 20, 181-3 (Mar., 1928).—The apparatus consists of an 
arc lamp provided with a suitable condensing system, a series of filters, and the micro- 
scope. Light waves of the spectrum are removed by passing the light through copper 
sulfate solution, ultra-violet glass, and p-nitroso dimethyl aniline. The stage below 
the microscope is equipped with a total reflecting prism of quartz and Abbé condenser 
of the same material. Quartz microscope slides are also used in these experiments. 

Objectives and eye piece of the microscope are of the ordinary glass system as we 
are dealing here with visible radiations. A plate of uranium glass is placed above the 
quartz prism to show when illuminant on the optical system is in alignment, the uranium 
glass becoming brilliant when the beam of light is thrown upon it. It is then removed 
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from the prism and placed above the Abbé condenser when a brilliant spot of light 
should appear over the center of the condenser. 

The substance to be examined is now mounted on the quartz slide and placed on the 
stage of the microscope where if it has any fluorescent properties, it will become luminous. 

The purposes of the microscope are two: (a) substances not usually considered 
fluorescent may contain minute quantities of fluorescent materials that are too small 
to be seen with the naked eye but are revealed by the microscope; (b) many ores are 
composed of a variety of chemical substances. When these are subjected to ultra-violet 
radiation, the entire mass will fluoresce a single color, but examined under the micro- 
scope they may be resolved into a number of different colors, each color coming from a 
different substance. Minute quantities of impurities can be detected by this method. 

The number of substances fluorescing in ultra-violet light is very great and they are 
found in every line of research. Much work will have to be done before definite state- 
ments are made of the practical application of this type of microscope. R. M. P. 

The Oxalate Method for Determining Calcium and Magnesium. Wui..tam T. 
Haut. J. Am. Chem. Soc., 50, 2704-7 (Oct., 1928).—The authors give a concise review 
of many of the more important contributions to the literature dealing with the separation 
of calcium and magnesium by the above method. They note contradictory statements 
concerning the amount of ammonium oxalate which should be used when magnesium 
is present in large and small amounts. In order to check the procedures commonly 
used and determine the validity of certain of the statements which have been made, 
the author here reports conclusions drawn from a great many analyses of pure salt 
solutions containing varying proportions of the two metals. He finds that a con- 
siderable excess of ammonium oxalate should be present and that even a very con- 
siderable excess does not precipitate magnesium oxalate, as has been claimed. He does 
find, however, that a large excess of ammonium oxalate serves to prevent the subse- 
quent complete precipitation of magnesium as the magnesium ammonium phosphate. 
He concludes that 75 cc. of 0.5 N ammonium oxalate is sufficient to precipitate 300 mg. 
of calcium ion in a volume of 500 cc. but that identically the same amount should be 
used for only 20 mg. of calcium ion if considerable magnesium is present. A. P. B. 

Teaching from the Blackboard. Garry CLEVELAND Myers. High Sch. Teacher, 
4, 267, 285 (Sept., 1928).—In brief the author suggests: “‘Use the blackboard for correct 
teaching and not for that upon which pupils exhibit mistakes.”” Teachers should choose 
good models, place them upon the board and leave them there as long as they are useful 
to the students. Such models should be so carefully drawn or lettered as to be attrac- 
tive. Excellent board exhibits will become guideposts for the pupil trying to direct 
himself. Bo ©. be 

Specific Study Helps in Exact Science. A. W. Cronk. Mich. Educ. J., 6, 115 
(Oct., 1928).—Students do poor work because they do not know how to study effectively. 
Every high school accredited by the University of Michigan is expected to follow some 
definite plan for training pupils in effective habits of study. The Hutchins Inter- 
mediate School in Detroit makes use of the following plan. Study helps, as given below, 
are printed on gummed paper and distributed to the pupils to be pasted in their texts. 
One or more class periods are spent by the teacher explaining the study helps and teach- 
ing the pupils to apply them to their work. A sample of the special helps for general 
science is as follows. 

BEFORE CLass. Do you watch the newspapers and other periodicals for pictures, 
clippings, and current science reports? Do you use the science books in the library for 
references and reports? Do you observe and make collections of things in nature? 
Do you interview people in the business world? Do you see that your pencils are well 
sharpened; that you have filler for your notebook as well as other necessary materials? 

In Crass. Do you plan the hour after the assignment has been made? Do 
you take notes when the assignment is made? After the monitors have passed the 
materials, do you start to work? Do you keep a notebook to which you may refer in 
time of doubt? Do you always follow the usual procedure of your class in writing 
experiments? Do you work alone or in codperation with your group on all assignments? 
When you find a hard word do you use the dictionary? Do you read your texts, look 
up your topic in other books, and tell the class what you have found? Do you use 
your index, appendix notes, review questions, diagrams, and photographs in your books 
so as to learn the most about your subject? Do you review your science notes? Do 
you use the scientific method in your investigations? 

AFTER CLass. Do you apply the principles of science which you have learned 
in the classroom in your daily life? E. R. W. 

List of Books Recommended for High-School Chemistry Library. Neo-Chemto- 
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Ion, 3, 10 (Sept., 1928).—Snapshots of Science, FE. ¥. Slosson; The Century Company, 
2126 Prairie Ave., Chicago, Ill. American Inquisitors, Walter Lippman, Barbour-Page 
Lectures, University of Virginia, Charlottesville; The Macmillan Company, Prairie Ave. 
and 25th St., Chicago, Ill. Organic Chemistry, Rice; McGraw-Hill Book Co., 370 Seventh 
Ave., New York City. Stars and Atoms, Eddington; Yale University Press, New Haven, 
Conn. Investigations in the Teaching of Science, Curtis; P. Blakiston’s Son & Company, 
1012 Walnut St., Philadelphia, Pa. Dictionary of Applied Chemistry (seven volumes), 
Thorpe; Longmans, Green and Company, 221 E. 20th St., Chicago, Ill. The Story of 
Chemistry, Darrow; Bobbs-Merrill Company, 18 E. Vernon St., Indianapolis, Ind. 
Chemistry in the Home, Howe and Turner; Scribner’s Sons, 5th Ave. and 48th St., 
New York City. The Romance of the Atom, Harrow; Horace Liveright, New York City. 
Book of Popular Science, 15 volumes; Grolier Society, New York City. Compton’s 
Pictured Encyclopedia, 15 volumes; Compton’s Publishing Co., Chicago, Ill. M.W.G. 
KEEPING UP WITH CHEMISTRY 
Adhesive Action. Epiroriay. Silicate P’s & Q’s, 8, 1-2 (Oct., 1928).—The few 
known simple elements of adhesive action are given as: the adhesive must wet the 
surface; penetrate to the right degree; change from a liquid condition to a solid or a 
semi-solid when it sets; and have flowing characteristics (or ‘“‘body’’), which depend 
in a large measure upon viscosity. This article is illustrated by photographs showing 
the behavior of silicate adhesives of different viscosities upon asbestos paper. B.C. H. 
Preservative Regulations in Germany. H. ZELLNER. Analyst, 53, 541 (Oct., 
1928).—Dr. H. Zellner, Public Analyst, Berlin, informs us that the following regulations 
as to the use of preservatives in Germany have been in force since October 1, 1927: 
Gm. 
Maximum allowed Declaration 
per 100 g. of article of preserva- 
Article of Food Preservative of food tive content 
1. Meat salad Benzoic acid 0.125 No 
. Fish preserves Boric acid 0.5 Yes 
(anchovy) 
3. Caviare Hexamethylenetetramine 0. Yes 
. Crabs, fresh Boric acid 0. Yes 
Crabs, preserved 0. 
5. Preserved eggs, yolk Boric acid KE. No 
for exclusive con- 
sumption in baker- 
ies or for manufac- 
ture of macaroni 
Yolk Benzoic acid 
}. Edible fats, margarine Benzoic acid 
7. Mayonnaise Benzoic acid 
. Grits and groats Sulfurous acid 
. Preserved fruit, dried Sulfurous acid 
fruit 
Fruit juice Benzoic acid 
Fruit juice Formic acid 
Fruit pulp Benzoic acid 
Fruit pulp Formic acid 
. Wine Sulfurous acid in gaseous Provided that only 
form or its solution in small quantities of 
distilled water, and sulfuric acid are 
technically pure potas- contained in the 
sium metasulfite con- beverage 
taining at least 5 per 
cent SO, 
. Imported wine Sulfurous acid in gaseous According to the 
form or its solution in regulations for the 
distilled water, and sale in the coun- 
technically pure potas- tries of origin 
sium metasulfite con- 
taining at least 5 per 
cent SO, 
2. Edible gelatin Sulfurous acid 
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High Temperatures Recorded in Uncle Sam’s Test Fires. G. F. Dacy. Tycos, 
18, 132 (Oct., 1928).—‘‘Start scientific fires and study them if you wish to solve the 
secrets of such holocausts” is the slogan of the National Bureau of Standards. This 
is exactly what is being done by the government engineers. From the man-started 
fires they obtain the highest temperature developed, the time required for the flame to 
reach its peak intensity, the hottest portions of the burning building, the relation be- 
tween design of the building and fire security, the manner in which the building falls, 
the relation between temperature and number of pounds of combustibles per unit area, 
and the maximum temperatures obtained in strong boxes. 

The methods of carrying out these investigations are given. ‘The story of the 
scientific burning of some of Uncle Sam’s buildings in the heart of Washington is also 
included. BE. L. M. 

Sodium Alum. H. LEFFMANN AND L. W.Strrock. Catalyst, 13, 10-1, 15 (June- 
July, 1928); (reprinted from The Bull., Wagner Free Institute of Science, 1928).— 
The derivation and application of the term alum are discussed. 

Difficulty of crystallization of the sodium alum seems to have barred this substance 
from trade in general. Various studies of the properties of sodium alum are sum- 
marized and experiments of the authors leading to the production of definite crystals 
are described. D.C. b. 

A Curious Case of Antimony Poisoning. J.T. DuNN. Analyst, 53, 532-3 (Oct., 
1928).—Persons drinking lemonade stored over night in covered enameled buckets 
became suddenly sick. Investigation led to the discovery that the lemonade contained 
antimony compounds, expressed as metallic antimony, amounting to 0.013%. Analyses 
showed that the enamel coating on the buckets contained the offending element. 

M. W 


Patents and the Chemist. A.B. Movuntron. Catalyst, 13, 8 (June-July, 1928).— 
The attention of chemist’s interested in the subject of patents is drawn to Section 4886 
of the revised statutes of the U. S., which is quoted and explained. pC. 

Experimental Researches upon the Diffusion of Hydrogen through Nickel. Vic- 
TOR LomBarRD. J. Chim. Phys., 25, 501-80 (July, 1928).—A rather exhaustive resumé 
of work that has been done upon diffusion of gases through metals. B.C. i. 

Indiana’s Great Limestone Industry. R.G. SKERRETT. Compressed Air Mag., 

3, 2539-46 (Oct., 1928).—An interesting, well-illustrated, description of the limestone 
ch of the Bedford-Bloomington district. The article contains a brief geological 
explanation of the formation of these deposits as well as a history of their commercial 
development. From a very modest beginning in 1840 their importance has increased 
to such a magnitude that now 35% of all the rough and finished building stone used 
in the United States comes from this district. E. R. W. 

Practical Digest of the Year’s Work in Photography. E. J. Wamu. Am. Annual 
of Phot., 42, 187-97 (1928); C. A., 22, 3593 (Oct. 10, 1928).—In the review of progress 
in photography, the following subjects are covered: phototheory and emulsions, ama- 
teur cinematography, development and fixation, optical and color sensitizing, after- 
treatment methods, motion picture work, special processes (bromoil, carbro, etc.), 
photolithography and color photography. M. W. G 

The History of Staining: Cochineal Dyes. H. J. Conn ann S. I. KORNHAUSER. 
Stain Tech., 3, 111-21 (Oct., 1928).—-Cochineal dyes have played an extremely important 
part in the history of staining. Before the discovery of aniline dyes, carmin was the 
only stain available that was satisfactory for histological purposes. The impetus 
given to its use in these early days would have assured it a place in the histological 
laboratory for many years after the introduction of aniline dyes, even had it proved 
decidedly inferior to these newer products. As a matter of fact, the cochineal dyes 
have proved so well adapted to certain special purposes that no artificial dye yet known 
promises to replace them. For bulk staining, or for staining embryos in toto, carmin 
is second to none, while the wide range of formulas available calling for cochineal, 
carmin, or carminic acid, makes possible their adaptation to a long list of histological 
and cytological purposes. A certain amount of experience in their use is necessary; 
and many failures to secure good results have been due to the method of fixation of the 
tissues. Thus tissues fixed in formalin, in chromic or osmic acids stain poorly with 
carmin; while fixation with picric acid or bichloride of mercury allows this dye to stain 
splendidly. The dye is, moreover, difficult to secure in uniform quality, thanks to the 
fact that it is not synthetically prepared. Yet with all its disadvantages, it is one of 
the extremely valuable stains; and although the first dye to be employed by the micro- 
scopist, it becomes increasingly evident that neither carmin nor the other cochineal 
products are yet ready to be put in the discard. M. W. G. 
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The Iron and Steel Industry of Ohio. M. V. McGity. Neo-Chemto-Ion, 3, 2-6 
(Sept., 1928).—The early history of the iron and steel industry in Ohio is sketched. 
Various methods of making steel with advantages and disadvantages of each are de- 
scribed. A table showing operation and production for the chief steel centers of Ohio, 
and an easily interpreted map of Ohio, showing the centers of steel industry, are in- 
cluded. Ohio, since 1904, has been the geographic center of steel manufacturing ac- 
tivity of the U. S. M. W. G. 

The Radium Mines at Jachymov. ANon. Chem. News, 137, 226-7 (Oct. 12, 
1928).—A short review of the history of the working of these mines. Two illustrations. 

M. W. G. 

The Outlook for Plastics. J. N. Taynor. Chem. News, 137, 228-30 (Oct. 12, 
1928).—A brief review, with statistics, of the growth of the plastic industry in America. 
The topics discussed are: bulk of production and trade in materials manufactured 
from pyroxylin; the pyroxylin industry; shipments to foreign countries; and syn- 
thetic resins industry, with notes on its American development. M. W. G. 

Butanol Fermentation Process. C.L. Gaprieyt. IJnd. Eng. Chem., 20, 1063-7 
(Oct., 1928).—Contains an account of the history and development of the fermentation 
process for butanol and acetone. M. W. G. 

Methanol from Hydrogen and Carbon Monoxide. R.L. BROWN ann A. E. GALLo- 
way. Ind. Eng. Chem., 20, 960-6 (Sept., 1928).—‘‘The production of methanol 
from carbon monoxide and hydrogen under pressure has been studied comparatively 
with zinc oxide, basic zinc chromate, and normal zinc chromate as catalysts. The 
last two catalysts are more active than the zinc oxide, and at higher pressures and 
temperatures the normal chromate proved to be the more active of the three. It is 
a hardy catalyst. At 400°C. and 180 atmospheres, and in a theoretical mixture of 
hydrogen and carbon monoxide, an experimental conversion of the latter to methanol 
of about 20 per cent has been attained.” M. W. G. 

Industrial Applications of the Electric Furnace. H. H. Watson. Tech. Eng. 
News, Mass. Inst. Tech., 9, 206-8, 216-24 (Oct., 1928).—There is presented a brief 
historical statement of the introduction of the electric furnace into industrial processes 
and a discussion of its operations and commercial advantages in the iron and steel 
industry. The drawings showing electric furnace classifications are illuminating. 

L. W. M. 

Application of Oxygen and Hydrogen to Industrial Operations. Part VI. Hydro- 
gen, Nitrogen, and the Electric Furnace. F. P. WiLson, Jr. Gen. Electric Rev., 31, 
493 (Sept., 1928).—A brief description is given of some of the features that must be 
considered in using hydrogen and hydrogen-nitrogen mixtures in electric furnaces. 

The above-mentioned atmospheres are used not for the purpose of heat but to fur- 
nish a non-oxidizing atmosphere which is desired in the processes of electric brazing 
and annealing. 

The following phases are discussed: design; installation and operation of furnace; 
factors involved 1n combustion, explosion and detonation; preparation of hydrogen 
and hydrogen-nitrogen atmospheres; effects of diluents on reactive mixtures; factors 
favoring success in the use of hydrogen and hydrogen-nitrogen atmospheres in electric 
brazing and annealing furnaces. E. L. M. 

New Indicating Equipment for Industrial pH Measurements. H. C. PARKER. 
Ind. Eng. Chem., 20, 676-80 (July, 1928).—Three new potentiometers are described 
with illustrations. Two of these have scales which are direct-reading in pH. The 
technic required for making measurements with industrial types of quinhydrone elec- 
trode and the relative suitability of H-ions and conductivity measurements are dis- 
cussed. M. W. G. 

An American Impression of I. G. Plants. C. E. Munn. Chem. Age, 19, 336 
(Oct. 13, 1928).—An account of the author’s experiences on a recent visit to the dye- 
stuff and allied works of the I. G. Plants. The plants reported on are: The Baeyer 
Co. at Leverkusen; the M. L. B. Plant at Hoechst; the Naphthol Plant at Offenbach; 
and the Badische Plant at Ludwigshafen. M. W. G. 

Economic Symposium on Nitrogen. Jnd. Eng. Chem., 20, 1128-47 (Nov., 1928).— 
The papers included under this title were presented before the Division of Industrial 
and Engineering Chemistry at the 76th Meeting of the American Chemical Society, 
Swampscott, Mass., September 10-14, 1928. The purpose of the symposium is clearly 
stated by Wm. Haynes, in his introduction to the series of articles. 

“We have selected nitrogen as the subject of this first economic conferenge; first, 
because the nitrogen problem is timely; second, because of its wide and diverse mterests; 
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and third, because nitrogen furnishes an exceptionally pretty example of the complex- 
ities of economic chemistry. ~ 

“In as much as nitrogen is a vital and the most costly element of plant food, it is 
an interesting factor in our farm problem. Since it is an essential element in modern 
explosives, it is intimately connected with national defense and international politics. 
We are familiar with the astonishingly rapid technical advancements in nitrogen manu- 
facture and the notable expansion of new chemical uses and new chemical processes 
employing this element. 

“At the present time the world’s nitrogen production balances roughly with con- 
sumption; but new development programs, now actually under way, indicate that next 
year we will have a surplus production so great that, in spite of the growing use of nitro- 
gen, consumption will not catch up for several years to come. The obvious economic 
results of this overproduction is going to be an intensely keen competitive market in 
which we will have the almost unique example of the three great types of chemical 
products—a natural product, Chilean; a by-product, ammonium sulfate; and a manu- 
factured product, synthetic nitrogen in various forms—all in direct active competition. 

‘To discuss these intensely interesting economic problems, we have five outstand- 
ing chemical industrialists, each by experience and daily contact preéminently well-fitted 
to expound his chosen subject.” 

The titles and authors of the papers are as follows: 

“The New Economic Aspects of Nitrogen,” J. E. Crane, Lazote, Inc., Wilmington, 
Del. “Synthetic Ammonia,” E. M. Allen, The Mathieson Alkali Works, Inc., New 
York City. ‘Economic Relationship between Nitrogen and Fertilizers,’’ H. R. Bates, 
International Agricultural Corp., Atlanta, Ga. ‘‘Economic Status of the By-Product 
Coking Industry with Reference to the Nitrogen Situation,’ C. J. Ramsburg, The 
Koppers Co., Pittsburgh, Pa. ‘The International Nitrogen Problems,’”’ W. S. Landis, 
American Cyanamid Co., New York City. M. W. G. 

Influence of Chemistry on Civilization. Lecture 1—The Chemist at the Breakfast 
Table. James C. Irvine. Ind. Eng. Chem., 20, 884-8 (Sept., 1928).—First of a 
series of lectures presented at the Institute of Chemistry of the A. C. S., Evanston, III., 
July 24, 1928. This lecture, in the words of the author, ‘‘is an attempt to give, in 
popular fashion, a perspective view of what the science of chemistry has done to in- 
fluence human activities and to trace the connection between chemistry and world 
conditions.” 

It is written with the characteristic Irvine simplicity and contains innumerable 
valuable suggestions for those interested in the Prize Essay Contest. Typical break- 
fast-table reflections of a chemist aroused by such commonplace articles as the linen 
tablecloth, the morning paper, oatmeal porridge, spoon and plate, tea, sugar, bread 
and butter, burning coals in the fireplace, and the morning pipe are included. 

After reading this article we cannot but feel convinced that even the simplest 
elements of life contain abundant evidence of the interdependence of chemistry and 
world progress. M. W. G. 

On Popularizing Science. WitiarpD N. Ciure. Trans. Til. St. Acad. Sci., 20, 
25-9 (Mar., 1928).—The thesis is that not enough is being done to popularize science 
and the study of science. The scientist carrying on investigations rarely has time or 
opportunity to make his problems intelligible to the general public. In return the 
public is prone to think that science is the province of the super-individual and quite 
beyond ordinary comprehension. ‘Though an occasional investigator from the public 
may be attracted to scientific things the majority do not know where or how to begin. 
Much as they would like to understand and enjoy they can only wonder and speculate. 

The stirring of the scientific instinct may be observed in the collecting of shells, 
plants, etc. This interest should be directed into useful channels before an enthusias- 
tic student is lost to science for want of somebody to set his feet in the right path. 

A wider interest in science will benefit not only the beginner, but a better informed 
public may be depended upon to aid even the advanced scientist in his work. Prac- 
tically all advances toward a healthier and happier existence have come through the 
efforts and discoveries of the scientist, but without support from an intelligent public 
such advances may be greatly delayed or even frustrated. 

It has been said that if the daily press devoted as much space to science as it now 
devotes to sports, the scientist and all his works would come into their own—but not 
if the cub reporter conducted the science page. It is perhaps too much to ask that the 
newspapers will do much for science of their own accord. The subject lacks the spec- 
tacular, offers no very definite field for exploitation, and does not contribute to the gate 


receipts. 





VoL. 5, No.. 12 ABSTRACTS 1689 





The author hesitates in making suggestions as to how the situation may be remedied. 
He believes scientific meetings go a long way in arousing enthusiasm in the beginner 
and that possibly some papers should be given designed to attract the non-scientific, 
though these should not be too elementary. The scientist, no matter what his field, 
should take the public more into his confidence. He may be obliged to crowd the 
“‘science’’ reporter out of the local papers—or reform him. Propaganda to establish 
science in its rightful position before the public is necessary. 

Working people have been favored with shortened hours of labor and thus an 
increased number of people have time to take up scientific studies. We should not let 
the auto, the radio, the movies, and sports engross the entire attention of this new aggre- 
gation of prospective investigators. We should bring to the masses a more worthy way 
of spending their leisure, to give them a deeper appreciation of the world we live in, 
and by advancing science promote a safer, saner, and more satisfactory existence. 

R.. MP. 

The George Herbert Jones Laboratory at the University of Chicago. H. I. ScHLEs- 
INGER. Chem. Bull., 15, 251-3 (Sept., 1928).—The building, an addition to Kent 
Chemical Laboratory, will be devoted almost exclusively to graduate and research 
students. But one undergraduate chemistry course, elementary physical chemistry 
will be given in the building. Undergraduate courses will be offered in Kent. That 
structure, in its basement, will also house the stores and service features for the de- 
partment. 

The new building will provide for elementary and graduate physical chemistry 
upon its first floor; the library and seminar room on the second; graduate laboratories 
for organic chemistry on the third; and for advanced inorganic chemistry on the fourth. 

The major portion of the building, however, is dedicated to research activities. 
This is served by twenty-one two-man rooms; seventeen one-man rooms and nine 
four-man rooms. This space accommodates approximately one hundred research 
students. The laboratories for courses will take care of three hundred additional stu- 
dents. 

Architecturally, the building will harmonize with others upon the University 
quadrangle. B.C. H: 

The Life Work of Justus von Liebig. Paut Kriscue. Erndhr. Pflanze, 24, 154-62 
(1928); C. A., 22, 3811 (Oct. 20, 1928).—With portrait and 11 other illustrations. 

M. W. G. 

Hendrik Antoon Lorentz. Max PLANK. Naturwissenschaften, 16, 549-55 (1928); 
C, A. 22, 3811 (Oct. 20, 1928).—A memorial lecture with portrait. M. W. G. 

Great Chemists and the Development of Chemistry. J. G. F. Druce. Chem. 
News, 137, 245-6 (Oct. 19, 1928).—Two recent books—The Great Chemists, by E. J. 
Holmyard (Methuen and Co., London) and La Chimie d’Hier et d’Aujourd’ hui by A. 
Kirrmann (Gauthier-Villiers, Paris)—are briefly reviewed. The former traces the 
history of chemistry from antiquity to the present time, stressing the personalities of 
the outstanding contributors to the science. The latter, while covering the same ground, 
deals mainly with the discoveries, facts and theories, emphasizing the historical develop- 
ment of the various branches of chemistry. M. W. G. 

Chemistry and the American Chemical Society. S. W. Parr. Ind. Eng. Chem., 
20, 994-7 (Oct., 1928).—The presidential address delivered at the 76th Meeting of the 
A.C. S., ‘eee, Mass., Sept. 10-14, 1928. M. W.G. 


EDUCATIONAL MEASUREMENTS AND DATA 


Minor Studies on Objective Examination Methods. I. The Negative Suggestion : 
Effect of True-False Tests. Haze, M. Rosperts AnD G. M. Rucu. J. Educ. Res., 18, 
112-6 (Sept., 1928).—Criticism of true-false tests have been made to the effect that 
false statements presented to pupils in these tests leave residues of misinformation that 
are far from desirable in constructive education. The authors conducted experiments 
upon classes in botany and in chemistry. Their summary states that: (1) the nega- 
tive suggestion effect exists; (2) it is much smaller than many critics believe; (3) the 
net suggestion effect of a true-false test appears to be positive, not negative; (4) this 
positive effect does not eliminate the entire force of the objection to true-false tests; 
(5) negative and positive suggestion effects appear to be transitory, and it seems within 
reason that an interval of one or two school semesters might wipe out such effects com- 
pletely. R. M. P. 
Chemistry Teaching in Nebraska. B. CLirForD HENDRICKS AND JOHN S. CHAM- 
BERS. Nebr. Educ. J., 8,381 (Sept., 1928).—The paper is not of historical nature but 
is rather an attempt to make the results of an investigation a matter of record. The 





1690 JOURNAL OF CHEMICAL EDUCATION DECEMBER, 1928 





work was carried out under the direction of the committee of chemical education of 
the American Chemical Society. 

The source of data is given and the following aspects of the investigation are 
reported: the generality of the study of high-school chemistry; the cost of instruction 
per school and per student; the course followed; the qualifications of the teachers; 
the reasons for high-school chemistry’s limited study; the number of high-school 
students who take college chemistry; the per cent of college students electing chemistry; 
the cost of college chemistry; the college chemistry instructional staff; and a summary 
of methods of teaching chemistry in Nebraska. KB, 1. M. 

Waste in Professional Education. RicHarpD E. Hype. J. Educ. Res., 18, 144-8 
(Sept., 1928).—The study was made of the over-lapping and duplication of subject 
matter for upper classmen as compared to that for freshmen using as test classes an 
elementary course in educational psychology and a course in high-school methods. 
It was found from tests given at the beginning of each course: (1) that all the members 
of each course displayed some knowledge of the course; (2) that the upper classmen as 
a whole were more familiar with the instructional content to follow than the freshmen 
were with their prospective subject matter; (3) certain segments of information were 
known to almost every one; (4) that each upper classman knew half or more of the 
true-false statements in his test; (5) that each freshman possessed knowledge of almost 
one-half of the course. R. M. P. 

A Comparison of the Lecture-Demonstration, Group Laboratory Experimentation, 
and Individual Laboratory Experimentation Methods of Teaching High-School Biology. 
PaLMER O. Jounson. J. Educ. Res., 18, 103-11 (Sept., 1928).—An attempt is made 
to evaluate different methods of teaching on an objective basis. Progress in methods 
need not wait upon laboratory schools but much valuable information will accrue if 
teachers in typical schools will test various methods. In the experiment described 
there is an attempt to try out under ordinary school conditions the relative efficacy of 
three different methods of laboratory instruction in three classes of laboratory biology. 
The study was limited to accomplishments which are capable of quantitative meas- 
urement. It consisted of two series of twenty-four experiments, one series being con- 
ducted the first semester, the other during the second. Terman Group Intelligence 
Tests were used. By the rotation plan each section performed eight experiments by 
each method under experiment. 

Tests were all objective in character, the number of points ranging from fifty to 
two hundred, and the sccres were reduced to a percentage basis. Tests to measure 
retentivity were administered at various intervals. 

The demonstration method is shown to excel the others by a small margin, and 
may be expected to yield, if not larger, at least equal returns in learning when com- 
pared with the group or the individual method. This becomes significant in view of 
the saving in laboratory equipment and in pupils’ time. There appears to be a wider 
deviation among pupils in a class by the individual method than by either of the others. 
The individual method ranks lowest in this study. If it is to persist it. should be re- 
quired to justify itself on other grounds than have been evaluated in this study. 

Rk. M. P. 


THE METHODS AND PHILOSOPHY OF EDUCATION 


A Democratic Experiment in Education. W. W. Mmuer. Educ. Outlook, 80, 
185-8 (June, 1928).—Tells how schools in Hamburg are run by parents and teachers, 
beginning with a good summary of the history of schools in this ancient Hansa city. 

Administration of each school is in the hands of the teaching staff and the Parents’ 
Council. The head master is elected by them from the teachers; he receives no special 
pay, may resign at any time (to resume teaching), and holds office for a period of three 
years. 
Pupils regulate discipline. Parents volunteer both materials and service. Poor 
children receive meals. There are many excursions and frequent evening lectures and 
parties for parents and children. 

The curriculum consists of Gemeinschafts studen, or community lessons, examples 
of which are here described. One of the most interesting features is the annual school 
journey, which may consist of a month’s stay on the school farm or a trip to some other 
city, etc. Expenses are pooled and means are arranged so that no one is left behind 
by inability to pay. 

Measurable results seem to be lacking, but by all accounts those who go on to higher 
schools are quicker in apprehension, deeper in understanding, and freer in expression 
than their fellows. Scholars are eager and enthusiastic about their school life. 
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Praise comes from many sources and wide influence may be expected from such 
a bold experiment of elemental democracy in schools. Re 

Education: The Next Steps. Cyri, Norwoop. J. Educ. © Sch. World, 60, 
721-4 (Oct., ie i gee address to the Educational Science Section, British 
Assoc., Glasgow, Sept. 7, 1928. The general educational situation in England is dis- 
cussed, present trends in education indicated, and the responsibility and opportunity 
of the teachers in the next generation pointed out. M. bs G. 

Chemical Education in Quebec. ALEX. VacHoN. Can. Chem. & Met., 12, 251-3 
(Sept., 1928).—Our Province is very conservative. Students, even when they intend 
to take up medicine, engineering, or any other profession in which a preliminary scien- 
tific education seems more useful than a literary one, first take their classical course. 
We think the ‘‘classical course based on the study of the ancient languages is still the 
best way of obtaining the highest culture of the mind.’’ He quotes ex-President James 
of University of Illinois, “I would bet my money on a graduate of a college of liberal 
arts, who had decided to go into engineering and had never studied it a single hour, 
rather than on a graduate engineer, without the liberal outlook.’”’ Students with pre- 
liminary classical training have more trouble than those with preliminary scientific 
training during the first year, but invariably excel in third and fourth years. 

Practically no chemistry and physics are studied during 4 years of high school and 
first 2 years of college. In the last 2 years of the classical course chemistry of a theo- 
retical rather than of a practical nature is taken up. Most students take up law or 
medicine rather than chemistry due to a scarcity of positions and the low salaries. 
Facilities for advanced work in science in Quebec are not very good. 

The author advocates the retention of the classical training in the high school so 
modified that chemistry could be included. EE. CG. ¥.. 

Constructive Tendencies in Education. J. W. Craptree. J. Natl. Educ. Assoc., 

7, 219 (Oct., 1928).—Reference is made to the constructive tendency toward unity on 
the part of those engaged in educational work. Mention was made of the reported 
attempt of the public utilities service bureaus to use the schools in influencing state and 
national legislation on the question of ownership in public utilities. There is a steadily 
decreasing opposition to the movement for a Dept. of Educ. The growing importance 
of research is emphasized. A. F.C; 

The Significance of the Junior College Movement. L. W.Smitrn. Chi. Schs. J., 
11, 41-6 (Oct., 1928).—Factors involved in the establishment and progress of the 
junior college movement are: (1) change in the thought of educators regarding the 
organization of education; (2) the demand of the American people for a more extensive 
educational training for their youth; and (3) economic and geographical conditions. 

The various forms which the consequent reorganization of the educational system ° 
has assumed are discussed. Fundamental principles underlying secondary education 
are considered. ‘The author concludes by cautioning the reader of the experimental 
nature of this movement. M. W. G. 

Methods of College Teaching. C. R. Wiseman. Sch. & Soc., 28, 433-4 (Oct. 
6, 1928).—The reactions of 150 students, all registered in education courses in the 
U. of Minn. and the S. Dakota State College, to certain methods of college instruction 
are given. 

The method of explaining and evaluating rather than the lecture or recitation 
method, the utilization of reference rather than text material, consideration of main 
points rather than detailed, oral rather than written presentation of special reports, 
and final quizzes covering important work as completed, are preferred. K. 5S. H. 

Instruction in Institutions of Higher Learning. C. R. Hicks. Sch. & Soc., 28, 
428-9 (Oct. 6, 1928).—It is unfortunate that so many self-considered good teachers 
should dictate to the whole profession concerning the teaching methods in institutions 
of higher learning in this country when they themselves employ methods which are 
not only old but about which there is nothing unique. 

Rather futile, is it not, to attempt to tell an individual, who has had the best training 
available and has observed and evaluated for several years the methods of the various 
professors under whom he has been privileged to sit, what methods to employ when 
he goes out to teach in a college or university? Such a person will naturally discard 
the stereotyped methods of the ages and develop a system of his own—suited not only 
to his needs but to those of his students. 

The writer doubts the statement that the most productive teaching is done outside 
the college. On the contrary, he says, “‘ ‘sterility’ of teaching is by far more character- 
istic of the grades and high school than of the institutions of higher learning—institu- 
tions as yet not dominated by ‘scientific’ educators.” a= 
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The New College Degree—Bachelor of Citizenship. J. T. Wuw.1ams. Sch. 
& Soc., 28, 383-6 (Sept. 29, 1928).—Feeling that scholarship has become cheapened 
in America through a too generous granting of B.A. and B.S. degrees, the author 
proposes a plan whereby students not having scholarly inclinations may spend four 
(or perhaps only three) years at college and receive a degree—Bachelor of Citizenship. 
These students would take a specialized course, designed primarily to make them good 
citizens. K. S. B. 

The Curse of Examinations. QuoT. FROM THE SPECTATOR. Sch. & Soc., 28, 
399-400 (Sept. 29, 1928).—No adequate alternative having been discovered, examina- 
tions still hold sway as a means of determining whether or not one has absorbed the 
education prescribed for him. It is a rare examination which does not require for its 
allswers crammed up memorized facts, the result unfortunately of students having 
been encouraged to memorize and not to reason. Ideal would be the examination 
paper so devised as to require the student to answer from a properly trained intelligence. 

Dr. Norwood in an address delivered to the British Assoc. states that there should 
be two kinds of certificates issued at the end of a high-school career—one to those 
students who intend to enter a university, and another to those whose formial education 
ceases at this point. Ce : 8 

The Trap of Habit. W.L. Bryan. Wash. Educ. J., 8, 10-2 (Sept., 1928).—Men 
and women should be trained not only for the present conditions but for future condi- 
tions which will result from changes. Vocational education is all right but the pupil 
should be given along with trade education an education in the basic principles. A 
future engineer should be trained in physics, mechanics, mathematics, and chemistry, 
otherwise he will not be able to comprehend the engineering of the future. A. E. C. 

A New School Year. Epitrorray. Chem. Bull., 15, 259 (Sept., 1928).—Research 
and investigation require time for thought. It is mildly intimated that it would be more 
conducive to real productive thinking if those doing investigational work did not find 
it necessary to dissipate their mental freshness by so many routine teaching hours 
and their added burden of reports and clerical work. 

A desirable leader of graduate research is described as ‘‘some one who has a real 
love for sciences, who is a clear, logical thinker and who, above all, knows how to instill 
into his fellow workers a real enthusiasm for research.” B: CE 

To What Extent Should College Students Pay the Cost of Education? ‘IT. ARNETT. 
Gen. Mag. & Hist. Chron., 31, 49-57 (Oct., 1928).—This has been given much considera- 
tion lately by trustees and administrators of colleges. At a meeting of Brown Alumni 
last June, Mr. John D. Rockefeller, Jr., gave his opinion that students who could pay 
should do so, and that financial assistance should be given to those who could not afford 
to pay. The student is the chief beneficiary of his higher education. This must be 
considered when apportioning the part the student should bear.- Of 149 endowed 
institutions studied, 69% of these increased their tuition fees (1919-20 to 1926-27). 
These institutions are classified according to the rates of tuition charged ranging from 
less than $100 to over $400. From every indication, tuition fees have not reached 
their maximum and it is evident the opinion that the student should pay an increasing 
amount of the cost of his education is now quite common. A resolution embodying 
that principle was unanimously adopted at a conference at the University of Chicago 
last summer, attended by college presidents and administrative officers. 

From some reports there are indications that costs of education per student may 
vary from $500-$700. It is planned that the student should pay these costs, and that 
the tuition fee charged every student be identical. Those who cannot pay are to 
be assisted by adequate loans and scholarship funds. It would be doubtless found 
that a large number would fall into the class of those receiving loans. Students would 
pay off these loans during or after college. We shall have made progress if the principle 
of repaying the actual cost is established even without interest. Students should be 
expected to exhaust the opportunities of earning as great a part as possible while in 
college. This plan of students paying the cost of operation is a condition to be reached 
gradually over a period of years and not to be put into effect immediately. 

This article includes a two-page list of suggestions, all of which stress the fact 
that students should assume the full amount of their indebtedness and pay it in full, 
either while in college or as soon as convenient after graduation. - ee G. 

Students’ Self-Scoring Card. A Review. Ohio Teacher, 48, 457-8 (June, 1928).— 
Explains a plan whereby the student charts his own progress in each subject on a graph 
prepared by Professor Carl F. Vogel, Professor of Education and Director of Teacher 
Training at Capital University, Columbus, Ohio. The record is based on results of 


‘ 
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frequent objective tests. Both the individual curve and that of the class median are 
recorded. 

Details of the scheme, its procedure, and values are discussed. S. RiP: 

Strategical Periods for the Encouragement of Research Students. S. R. WILLIAMS. 
Science, 68, 244 (Sept. 14, 1928).—Few students who take up graduate work or should 
take it up have the financial backing needed. Student assistantships help greatly but 
do not furnish an environment productive of enthusiasm. More fellowships are sug- 
gested. 

Some provision should also be made to finance students who are not quite prepared 
for graduate work either through late orientation or because they attended poorly 
equipped schools. Special student assistantships are suggested for this purpose. 

G. H. W. 

The Cultivated Man. CuHarLeEs W. Exior. Golden Book Mag., 8, 485-90 (Oct., 
1928).—See ‘‘This Modern Culture,’’ Chemical Digest, Tots JouRNAL, page 1674. 

M. W. G. 

Quack-Doctoring the Colleges. Wm. BENNETT Munro. JHarper’s, No. 940, 
478-82 (Sept., 1928).—See ‘‘This Modern Culture,’’ Chemical Digest, TH1s JOURNAL, 
page 1674. J. W. H. 

Tools for the Intellectual Life. BERNARD DE Voto. J/Harper’s, No. 941, 602-9 
(Oct., 1928).—See ‘‘This Modern Culture,’ Chemical Digest, TH1s JoURNAL, page 1674. 

. We EE 

Bureaus of Research and Statistics in State Departments of Education. H. B. 
CuapmMan. Educ. Res. Bull.,'7, 276-80 (Oct. 3, 1928).—These organizations have been 
definitely created for the purpose, first of exercising functions of reference or investi- 
gation, and second, of organizing and directing the investigational activities of others. 

Numerous problems undertaken and services rendered by various bureaus indicate 
the possibilities of this current movement in education. M. W. G. 

Projects of the Bureau of Educational Research, Ohio State University for 1928-29. 
Educ. Res. Bul!.,'7, 306-10 (Oct. 17, 1928).—Twenty-one projects are outlined. 

M. W. G. 

The N. E. A. at Minneapolis. J. D. Meyer. Wash. Educ. J., 8, 26-8 (Sept., 
1928). Auk. ©. 

Resolutions Adopted at Minneapolis. REsoLUTIONS CommiTTrEE. J. Nat. Educ. 
Assoc., 17, 215-8 (Oct., 1928).—Resolutions are headed: (1) Education for a Democ- 
racy, (2) National Congress of Parents and Teachers, (3) Financing Education, (4) 
Retirement, (5) Tenure, (6) The Curriculum, (7) Illiteracy, (8) Americanization, (9) 
International Relations, (10) Freedom of the Teacher, (11) Convention Attendance, 
(12) Health and Physical Education, (13) Postage Rates for Books, (14) Unity of Edu- 
cational Administration, (15) Bureau of Education, (16) The Education Bill, (17) To 
Minneapolis. A. F.€. 

The New Education Bill at Minneapolis. AssocrtaTION’s LEGISLATIVE COMMISSION. 
J. Nat. Educ. Assoc., 17, 213 (Oct., 1928).—The bill as reintroduced 1n the Seventieth 
Congress contains one important change. Section 10 has been added to provide for 
a National Council of Education to be composed of the chief school officials of each 
state and territory. Tribute was paid to the impetus given the Department of Edu- 
cation by President Coolidge. There is need for more careful organization within 
the teaching profession before definite action can be obtained in Congress, also for whole- 
hearted codperation by all members of the teaching profession. A. BE. &; 


THE PHILOSOPHY OF SCIENCE 


Research and Chemical Industry. F. H. Carr. Chem. & Ind., 47, 249T-54T 
(Sept. 7, 1928).—The address of the retiring president of the Society of Chemical 
Industry delivered at the New York meeting in 1928. The author discusses the support 
and financial aid which the British government offers, not only for pure research, but 
also for promoting industry by chemical research. The need for improvement in the 
British patent laws, especially as applied to chemical industry, is pointed out. Brief 
mention is made of the recent advances in the following lines of research; nitrogen 
fixation, fuels, alcohols, catalysis, vitamin D, insulin, thyroxin, chemotherapy. 

E. R. W. 

The Réle of the Amateur in Scientific Discovery. H. P. Guerre. Nucleus, 6, 
34, 39-40 (Nov., 1928).—The achievements of amateurs (defined as not professional 
specialists) fill the history of science. In order to show that this is not due to genius, 
but to original thinking, general conditions which assist the original thinker are con- 
sidered. ‘Two of these are: (1) an unbiased attitude, freedom from old theories that 





1694 JOURNAL OF CHEMICAL EDUCATION DECEMBER, 1928 





so dominate the mind as to blind it to the truth of new theories; and (2) a research 
instinct, which leads to the questions why this? why that? why the other thing? 

The professional expert is not handicapped so much by his expert knowledge as 
by his tendency to rest satisfied with what he knows. Supplement such a tendency 
with an inclination to regard original research work as being beyond their powers, and 
you have quite a complete explanation of the paucity of discoveries by professional 
men. 

“Two generations ago German teachers of science, particularly chemistry, began 
to stress training in original research. The results have been so prolific that we may 
well wonder why American teachers have been so slow in following German practice. 

“If it be argued that education is primarily designed for the man who is not an 
original thinker, but for the average man, then the argument assumes that most men 
lack an instinct for originality, which is a false premise. Original thinking differs 
not one whit in principle from what is regarded as unoriginal or ordinary thinking, 
except in degree of originality. In every case of real thinking a problem presents 
itself for solution, and calls for the gathering of facts, then systematic classification 
and inferences as to what they signify. It calls also for the memorizing of many of 
the facts, so that the mind will have material upon which to work; but so far removed 
from correct understanding of psychology are most of our teachers that they actually 
inveigh against loading the memory with details, than which no greater error has ever 
been made. 

“It is a mistake to think that German training in research work is not the kind 
adapted to the needs of the average man. Our firm conviction is that it is the only 
kind of mental training that has much merit. And it is because certain amateurs have 
been trained or have trained themselves in that manner that they are able quickly to 
solve original problems in fields that are new to them. 

“Let it also be noted that it usually requires only a few weeks of intensive reading 
to master all the theories and facts relating directly to any limited branch of scientific 
knowledge, and it becomes apparent that an amateur can possess himself of more 


knowledge about it than most professionals have. Then if the investigator has read 

widely in science and has remembered much that he has read, he is equipped to attack 

a problem in that branch of knowledge with excellent chance of successful issue.” 
M. W. G. 


THE TEACHING PROFESSION 


Who Is a Good Teacher? Francis Leroy Copper. Educ., 49, 111-7 (Oct., 
1928).—The question is approached in three ways. (1) Analysis of the qualities of 
three outstanding teachers of the world. (2) What educators have said constitutes 
a good teacher. (3) What college students say constitutes a good teacher. This 
three-fold approach shows a good teacher has a strong personality, a thorough mastery 
of subject matter, a clear understanding of the learning process, skill in teaching, interest 
in children, vision, and the human touch. es ae 

Building Our Profession. COMMITTEE OF PRINCIPALS FOR THE YEARBOOK OF 
THE PRINCIPALS AND SUPERVISORS ASSOCIATION OF Dayton, Onto. J. Nat. Educ. 
Assoc., 17, 207-8 (Oct., 1928).—Attention is given to the benefits made possible by 
national, state, and local organizations, and to the manner in which they supplement 
and connect with one another. AB. 

The Teaching Load of the Beginner in High School. Eart W. ANDERSON. Educ. 
Res. Bull., 7, 280-1, 291-2 (Oct. 3, 1928).—It is evident from the material contained 
in this report, obtained by an investigation of the Appointments Division, Ohio State 
University, that ‘Ohio State University is not preparing its graduates adequately for 
the work that most of them have to do. There is some question whether any insti- 
tution can, in four years time, prepare its graduates for the many-sided activities 
expected of them in teaching. The graduate with a major and a minor in teaching 
subjects is only partially prepared for the position he will be called upon to fill. Con- 
sidering the wide diversity of subjects they must teach, with a minimum of supervision, 
it is a high compliment to the adaptability of the beginning teachers that so few of them 
fail in their first year of teaching.” M. W. G. 

Research. Rurus D. REED. Neo-Chemto-Ion, 3, 21 (Sept., 1928).—A short 
article with a definite message to the high-school teacher—‘‘If you wish to be more 
than a mere school keeper, become aware of your teaching problems, pursue the research 
to completion, and then profit by the results.” M. W. G. 




















Through these columns, the JouRNAL desires to render a two-fold service. 

1. Local Activities. Keeping its readers in touch with the varied interests of institutions, 
A. C. S. sections, teachers’ asssociations, and other organizations throughout the country. Items of 
general interest would include: (1) notices of local scholarships or fellowships; (2) notices of any 
special gifts to chemical organizations or departments—as fellowships, endowments, laboratory gifts, 
library gifts, etc.; (3) accounts of meetings, social functions, exhibitions, chemical entertainments, 
etc., which might be suggestive to other organizations (where original or unusual features are included 
it is desirable that they be described in some detail); (4) news notes concerning persons of sufficient 
prominence in their respective fields to make their movements of general interest; (5) promotions 
within, or changes of, personnel of a department; (6) announcements of new or unusual courses in 
chemical education or special fields of chemistry; (7) notes on new chemistry buildings or laboratories, 
stressing the unique features. 

2. Opportunities. Providing an exchange column for positions. That is: (1) any teacher, 
who is a subscriber to the JouRNAL, desiring to change his position, may advertise once a year without 
charge (correspondence will be handled through the editorial office, if desired); (2) any notices of 


vacancies, in which chemistry teachers and chemists will be interested, will also be published. 
The responsibility of reporting items for this section rests entirely with the local institutions 


and organizations. 
institution appointed to report regularly. 


It would be desirable to have some person connected with each organization and 


Suitable material sent to the editorial office before the 20th of each month will be published in 


the following month’s JouRNAL. 
totally reject any items submitted. 
such action will be largely obviated. 


Stanford University. The following 
have been added to the chemistry de- 
partment staff: Dr. Philip A. Leighton, 
recently a student at Harvard University 
of Munich; Dr. Kenneth K. Kelley, for- 
merly National Research Fellow at the 
University of California; Mr. Herbert G. 
Tanner, formerly assistant professor at 
the University of Oregon. 

New courses this year include: ‘‘Chemi- 
cal Literature and Libraries,” given by 
the University Librarian, Dr. Nathan Van 
Patten; ‘‘The Laws and Concepts of 
Modern Chemistry,’ by Professor Stewart 
W. Young; and “Photochemistry,” by 
Dr. Leighton. 

The honor society, Phi Lambda Upsi- 
lon, has donated a perpetual cup to be 
kept on exhibition in the department and 
inscribed each year with the name of the 
most meritorious student in general 
chemistry. Each such student is also to 
be given a gold medal, suitably engraved 
and containing on it the emblem of the 
society. 


Long Island University is now entering 
upon the second year of its existence in its 
newly acquired and equipped building at 


The Editorial Staff must necessarily reserve the right to abridge or 
If the above suggestions are followed, however, the necessity for 


300 Pearl Street, Brooklyn, with an enrol- 
ment of nearly eight hundred. Two new 
chemical laboratories have been installed 
which will accommodate 576 students— 
one for the freshman work and one for the 
sophomore courses. The enrolment in 
the chemistry courses is now 425 and the 
chemistry staff numbers seven. The per- 
sonnel of the department staff is as fol- 
lows: Professor, Dwight L. Scoles, Ph.D.; 
Assistant Professor, Elmer IL. Sargent; 
Instructors, Arthur S. Williams and Ralph 
H. Hansen; Assistants, Albert Cleghorn, 
Victor Sabbetta, and Frank S. Griswold. 
Two other laboratories of the same size as 
the ones installed this year have been 
planned and will be equipped as soon as 
needed. 


University of Chicago. Prof. F. C. 
Koch, chairman of the department of 
physiological chemistry, spoke on ‘‘The 
Provitamin D Problem,” at 8 pP.™M., 
Wednesday, November 7th, in the Ida 
Noyes Theater. This meeting was held 
under the auspices of Kappa Mu Sigma, 
graduate women’s chemical society. 

Eugene U. Still, who received his Ph.D. 
in physiological chemistry at the Summer 
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Convocation has been appointed instruc- 
tor in the department of physiology. 

Felix Saunders, Ph.D., 1928, is now an 
instructor in physiological chemistry. 

Professor Frumkin of the Karpov 
Chemical Research Institute, Moscow, 
Russia, and a visiting professor at the 
University of Wisconsin this year, de- 
livered two lectures recently at the Uni- 
versity of Chicago. 

Professor A. J. Rabinovitch, head of 
the department of colloid chemistry at 
the Karpov Chemical Research Institute, 
Moscow, Russia, was a recent visitor at 
the Kent Laboratory. 

Professor Harkins presented a paper on 
“Surfaces and Their Importance,” on 
October 26th, at the Seventh Regional 
Meeting of the A. C. S. held at Lexington, 
Kentucky. 

J. Meiler has been appointed instructor 
in chemistry at the University of Ne- 
braska. 

H. Cohn, Ph.D., 1928, is now connected 
with the Sprague Institute. 

David N. Rickles, Ph.D., 1928, has 
accepted the position of chemist for the 
Board of Education of the City of Chi- 
cago. 

Two appointees of the Nitrogen Fixa- 
tion Laboratory are now working at the 
Kent Laboratory under the direction of 
Professor Kharasch. 

Professor J. Stieglitz gave a lecture 
Friday, October 26th, on ‘‘The Nature of 
Chemical Processes,’’ before the Univer- 
sity of Wisconsin Extension Division at 
Milwaukee. 

T. W. Day, Ph.D., 1925, has been ap- 
pointed assistant professor of physiological 
chemistry in the Marquette University 
School of Medicine. 

Dr. Anson Hayes, 1921, Ph.D., has re- 
signed his position of assistant professor 
of chemistry at Iowa State College, to 
accept the position of Chief of the Re- 
search Laboratory of the Armco Company 
at Middleton, Ohio. 

The Journal Club of the Kent Labora- 
tory began the year’s program November 


1. Mr. Albert Meyer gave a paper on 
“Free Inorganic Radicals.” 


University of Pennsylvania. Martin J. 
Kilpatrick, Ph.D., from the Bronstead 
Laboratories, University of Copenhagen, 
has joined the teaching staff in physical 
chemistry at the University of Pennsyl- 
vania. 


The Pennsylvania State College. Dr. 
Walter Eddy, professor of biochemistry, 
Columbia University, well-known author- 
ity on nutrition, addressed the November 
meeting of the Central Pennsylvania Sec- 
tion of the American Chemical Society on 
the subject, ‘Studies in the Chemistry of 
Vitamins.”’ Dr. Eddy outlined the recent 
research work done at Columbia Univer- 
sity and elsewhere on vitamins and pointed 
out some of the future lines of work. The 
meeting was well attended and the lecture 
was very interesting and instructive. 

The third annual Priestley lectures given 
under the auspices of the School of Chem- 
istry and Physics in coéperation with the 
other departments of science of the 
Pennsylvania State College, were given 
this year, November 19th to 23rd, by Dr. 
H. B. Williams, of Columbia University. 
Dr. Williams is director of the depart- 
ment of physiology, College of Physicians 
and Surgeons, at Columbia. The general 
topic is ‘‘Method in Scientific Investiga- 
tion.”’ A paragraph from the general an- 
nouncement will serve to indicate the 
scope of the lectures: 

“It is the aim of these lectures to direct 
attention to certain aspects of the observa- 
tional and experimental methods, particu- 
larly as applied in physical chemistry, 
physiology, and the medical sciences. 
Especial attention will be given to the 
subject of logical thought, to the mathe- 
matical mode of thought, and to the na- 
ture and limitations of applied mathe- 
matics as a means of discovering or aiding 
in the discovery of hidden relationships 
among observed phenomena.” 

The Priestley Lectures deal each year 
with the borderline field between physical 
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chemistry and some other branch of 
science. 

The first year’s lectures dealt with the 
borderline between physical chemistry and 
bio-colloids. They were given by V. Cof- 
man of the Experimental Station of E. I. 
du Pont de Nemours and Company. 
The second year’s lectures dealt with the 
borderline between physical chemistry and 
metallography. They were given by Dr. 
S. L. Hoyt of the Research Laboratory of 
the General Electric Company. 

Dr. Wheeler P. Davey of the School of 
Chemistry and Physics has been invited 
to give the annual Thurston lecture at the 
mid-winter meeting of the American 
Society of Mechanical Engineers in 
December. The Robert Henry Thurston 
lectures deal with subjects on the border- 
line between science and engineering. Dr. 
Davey’s subject will be ‘‘The Elastic 
Properties of Materials as Shown by 
Crystal Structure Investigations.” 

Construction has been started on the 
addition to the first unit of the Pond 
chemical laboratory which was erected 
some twelve years ago. It is expected 
that this new unit will be occupied in 
September, 1929. Much needed addi- 
tional space will be provided for the chemi- 
cal library, organic chemistry, and quanti- 
tative analysis. 


University of Pittsburgh. Professor 
Alexander Silverman, head of the de- 
partment of chemistry of the University 
of Pittsburgh, delivered an illustrated lec- 
ture on glass before the Northern West 
Virginia Section of the American Chemical 
Society at the University of West Virginia, 
Morgantown, Wednesday evening, Novem- 
ber 14th. 


Columbia University. Harold B. Fried- 
man, Ph.D., Virginia, 1927, and Instruc- 
tor at Maine during the past year has 
accepted a research assistantship in chem- 
istry at Columbia for the coming year. 

Dr. Graham Cook has been appointed 
Instructor in University Extension in the 
place of Dr. Ray Crist who is on leave as 


Cutting Traveling Fellow. He will give 
instruction in inorganic and _ physical 
chemistry. 

Professor Marston Taylor Bogert has 
accepted the following appointments: 
Associate Editor of the Journal of the 
American Chemical Society for a period of 
five years; Member of Division of Chem- 
istry and Chemical Technology of the 
National Research Council for a period of 
three years; Collaborator, Bureau of 
Chemistry and Soils, U. S. Department of 
Agriculture, for one year; Member, Board 
of Scientific Directors of the New York 
Botanical Garden. 

On Saturday, October 20th, the de- 
partment of chemistry tendered a lunch- 
eon in honor of Dr. Hans Thatcher 
Clarke, newly appointed professor of bio- 
chemistry at the School of Medicine, and 
Dr. Goodwin L. Foster, newly appointed 
associate professor of biochemistry. 

Dr. H. A. Iddles has returned from a 
year’s leave of absence on a Cutting 
Traveling Fellowship. Part of the year 
was spent with Professor Robert Robinson 
of the University of Manchester, the other 
half spent with Heindrick Wieland of 
Munich. 

Professor M. T. Bogert lectured before 
the Kanawha Valley Section of the Ameri- 
can Chemical Society at Charleston, W. 
Va., on November 138th. 

On November 13th, Professor V. K. La 
Mer addressed the Western New York 
Section of the A. C. S., at Niagara Falls, 
on “Recent Advances in the Ionization 
Theory.” 


Massachusetts Institute of Technology. 
The laboratory recently established at the 
Massachusetts Institute of Technology for 
research in inorganic chemistry has been 
named the Henry Paul Talbot Laboratory 
in honor of the late Professor Talbot. A 
portrait presented by Mrs. Talbot, who 
was present at the ceremony, was un- 
veiled when the new laboratory was 
named. Dr. F. K. Keyes, director of 
chemistry, presided and Professor H. M. 
Smith, in charge of the division of inor- 
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ganic chemistry, made an address de- 
scribing Dr. Talbot’s long and distin- 
guished association with the institute, 


particularly his services in the teaching of 


chemistry. Dr. Talbot was professor in 
the department of chemistry from 1892 to 


1927. 


Carnegie Institute of Technology. 
Frank N. Speller, director of the depart- 
ment of metallurgy and research of the 
National Tube Company, was elected 
chairman of the Metallurgical Advisory 
Board to the Carnegie Institute of Tech- 
nology and the U. S. Bureau of Mines at 
a meeting of the Board in Pittsburgh 
Friday night, October 19th. Mr. Speller, 
whose term is for three years, succeeds 
T. D. Lynch, metallurgist of the Westing- 
house Electric and Manufacturing Com- 
pany. 

The evening meeting of the board 
terminated its Second Open Meeting, 
which included all-day technical sessions 
for all who interested in metal- 
lurgical research. More than 150 of the 
prominent metallurgists of the country 
attended the sessions to hear reports and 
discussions of codéperative research in 
metallurgy that has been conducted dur- 
ing the past four years under the joint 
auspices of the Carnegie Institute of 
Technology, the Bureau of Mines, and the 
Metallurgical Advisory Board. 

Special interest was shown in the prog- 
ress report of the five-year program on 
studies in the physical chemistry of steel 
making now being conducted under the 
three-party agreement and in the reports 
of the work accomplished by the Bureau 
of Metallurgical Research of the Carnegie 
Institute of Technology. 

Announcement was made at the session 
that the following published reports are 
now available for distribution: 

Bulletin 36. Deoxidation with Silicon 
and the Formation of Ferrous-Silicate In- 
clusions in Steel, by C. H. Herty, Jr., 
physical chemist, U. S. Bureau of Mines, 
and G. R. Fitterer, research fellow, Car- 
negie Institute of Technology, and junior 


were 


metallurgist, U. S. Bureau of Mines— 
1928, 94 pages and 27 illustrations, price 
$1. 

Bulletin 37. A Study of the Dickenson 
Method for the Determination of Non- 
Metallic Inclusions in Steel, by C. H. 
Herty, Jr., physical chemist, and G. R. 
Fitterer, junior metallurgist, U. S. Bureau 
of Mines, and J. F. Eckel, research fellow, 
Carnegie Institute of Technology—1928, 
27 pages and 4 illustrations, price 50 cents. 

Bulletin 39. Second Progress Report of 
the Metallurgical Advisory Board to Car- 
negie Institute of Technology and the 
U. S. Bureau of Mines, by T. D. Lynch, 
chairman, Edward Steidle, secretary, 
1926-1928, and J. D. Beatty, secretary, 
1928. 21 pages. No charge. 

Bulletin 40. Second Progress Report of 
the Mining Advisory Board to Carnegie 
Institute of Technology and U. S. Bureau 
of Mines, by W. L. Affelder, chairman, 
Edward Steidle, secretary, 1926-1928, and 
John D. Beatty, secretary, 1928. No 
charge. 


Lexington Section, A.C. S. The 129th 
regular meeting of the Lexington Section 
of the American Chemical Society was 
held in Kastle Hall, University of Ken- 
tucky, 4.00 p.m., Tuesday, November 13, 
1928. Dr. J. S. McHargue, of the Ken- 
tucky Agricultural Expériment Station, 
spoke on ‘‘The Réle of the Less Common 
Elements in Plant and Animal Metabo- 
lism.” 


Perkin Medal Award for 1929. By a 
vote of a committee representing the So- 
ciety of Chemical Industry the American 
Chemical Society, the Societé de Chimie 
Industrielle and the American Electro- 
chemical Society, the Perkin Medal for 
1929 will be awarded to Dr. E. C. Sullivan. 
The award is for his work on various 
special types of glasses including pyrex. 
Presentation will be made on January 4th 
at a joint meeting of the chemical societies 
to be held at the Chemists’ Club, New 
York. 
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Fourth Pan-Pacific Science Congress. 
The Fourth Pan-Pacific Science Congress 
is to be held in Batavia, Java, May 16 to 
25, 1929, under the auspices of the Nether- 
lands Indies Pacific Research Committee 
and supported by the patronage of the 
Netherlands Indies Government, accord- 
ing to information received from the 
Netherlands Government by the U. S. 
Bureau of Education. Emphasis will be 
laid on agriculture, although all branches 
of the physical and biological sciences 
bearing on tropical life and conditions will 
be discussed. 


The Rumford Fund. For nearly one 
hundred years the American Academy of 
Arts and Sciences has maintained a stand- 
ing committee of seven persons, called the 
Rumford Committee. This committee re- 
ceives and deals with applications for 
grants of money in aid of researches in 
light and heat, branches of science in 
which the founder, Benjamin, Count 
Rumford, was particularly interested. 
Since 1839, the American Academy, 
through its Rumford Committee, has 
made 270 grants of this character, in sums 


between $25 and $750, averaging about... 


$260. 

Applications may be accepted from any 
duly qualified resident of North America 
or of the American islands. Applications 
should indicate the nature of the research 
and the particular aid sought. Grants 
may be applied to furnishing apparatus 
which remains the property of the Acad- 
emy, or to the printing and publishing of 
the results; but are not applicable to 
assistants. ‘The research subjects within 
the scope of the fund are light and heat, 
including x-rays. Applications should be 
addressed to the Rumford Committee, 
American Academy of Arts and Sciences, 
Boston. 


Eastman Kodak Company, Harrow, 
England. The establishment of a re- 
search laboratory in photography and 
associated sciences as part of the English 
plant of the Eastman Kodak Company at 
Harrow, near London, was announced 


November 10th. Dr. Walter Clark, for- 
merly of the staff of the British Photo- 
graphic Research Association and the 
National Science Library, has been ap- 
pointed director. 

The research laboratory at Harrow will 
be patterned on the Eastman Kodak Re- 
search Laboratories at Rochester, which 
under the direction of Dr. C. E. K. Mees, 
have grown in 16 years to have a staff ex- 
ceeding 150 in number. These laboratories 
have produced numerous important photo- 
graphic inventions and improvements, the 
most recent of which is color motion pic- 
tures for amateur photographers. 

Dr. Clark will return to England on 
November 14th on the Aquitania, after 
having spent several months studying the 
organization and methods of the Labora- 
tories in Rochester. 

The new laboratory in England, while 
coéperating closely with the corresponding 
organization in America, will not merely 
supplement the Rochester work but will 
pursue its own individual lines of research. 
The expectation is that two laboratories, 


‘ working independently in different coun- 


tries on various problems, but comparing 
and sharing their results, will facilitate 
even greater photographic progress than 
has attended the work of the Eastman 
Kodak Research Laboratories since Dr. 
Mees came to Rochester in 1912. 

In the past year the Harrow Plant has 
been added to by a film storage building, 
a silver nitrating building, and a camera 
factory which is now manufacturing on a 
full schedule. It is the largest of the 
Eastman Kodak Plants abroad. The 
other foreign Eastman Kodak factories* 
are at Vincennes, France; Copenick, 
Germany; Vacz, Hungary; and Mel- 
bourne, Australia. 


The Illinois Association of Chemistry 
Teachers. A joint meeting of the Asso- 
ciation and the Physical Science Section 
of the High-School Conference was held 
at Urbana, on November 23, 1928. The 
program of interest to chemistry teachers 
was as follows: 
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MORNING SESSION, 9 A.M. 


Physics and Chemistry: Herman Rid- 
len, Chicago Heights, Illinois, presiding. 

“The Acoustics of the Outdoor Thea- 
ter,’ Prof. F. R. Watson, University of 
Illinois. 

“X-Rays in Everyday Life,’ Prof. G. L. 
Clark, University of Illinois. 


AFTERNOON SESSION, 2 P.M. 


Chemistry Group: Miss S. Aleta Mc- 
Evoy, Rockford, Illinois, presiding. 

“Place of Science Clubs in the High- 
School Curriculum,’’ Louis A. Astell, 
West Chicago High School. 

“Unit System as Applied to Teaching 
High-School Chemistry,’’ Russell 5. How- 
ard, Lyons Township High School. 

“Demonstrations of Practical Experi- 
ments in Chemistry,’’ Harold H. Metcalf, 
Oak Park Township High School. 

“General Discussion of the Aims of the 
Illinois Association of Chemistry Teachers 
for 1928-29,”’ Dr. Rosalie M. Parr, Uni- 
versity of Illinois. 

The officers elected were these: 

President, Mr. Dorr 
School, Decatur, Illinois; Vice-President, 
Miss S. Aleta McEvoy, High School, 
Rockford, Illinois; Secretary-Treasurer, 
Rosalie M. Parr, Univ. of Illinois, Ur- 
bana, Iil.; Senator, representing high 
schools—Mr. H. W. Garnett, 2051/2 
North St., Normal, Illinois. 

The Illinois Association is offering a 
prize to the high-school student who 
presents the best exhibit at the spring 
meeting. A committee, of which Mr. 
John B. Phillips, of Pekin, is chairman, was 
appointed to arrange for this exhibit and 
to determine the form of an attractive 
prize. 

The work of a committee on ‘‘ Methods’”’ 
was arranged with twenty-five teachers 
coéperating. It is planned that a report 
of this work will be made at the spring 
meeting, on May 3rd, by the chairman, 
Miss Mabel Spencer, of Granite City. 


Simer, High 


Iowa State College. The following 
statement was mimeographed and handed 
to each of the freshmen (about 1100) en- 
rolled in chemistry. Three hundred nine- 
teen expressed an intention to enter essays 
in the contest. 


The American Chemical Society Prize 
Essay Contest for 1928-1929 


Mr. and Mrs. Francis P. Garvan are 
offering eighteen prizes totaling $6000 for 
the best essays submitted to the com- 
mittee on prize essays of the American 
Chemical Society. Copies of the an- 
nouncement, including some references 
and the rules of the contest, are posted on 
the bulletin boards of the chemistry build- 
ing. 

1. In order to encourage the freshmen 
students of Iowa State College to enter the 
contest, credits in both English and chem- 
istry will be given for creditable essays 
whether they do or do not win prizes. 

A. English 

1. Credit for a term theme in English 
will be given during the winter quarter if 
arrangements are made with the English 
teacher early in the winter quarter. 

1. If astudent submits his contest essay 
to his teacher in English he shall sub- 
mit but once for corrections. 

. The English teacher shall limit his 

assistance to the use of the number 

symbols of the Century Handbook, 

and shall leave the student to find for 

himself some better form of expression. 
B. Chemistry. 

1. The presentation of a creditable 
essay to the committee on prize essays of 
the American Chemical Society shall earn 
an addition of from 2 to 5% to the term 
grade to any student enrolled in a fresh- 
man course in chemistry during the win- 
ter quarter, 1929. 

2. A carbon copy of the essay sub- 
mitted to the committee on prize essays 
shall be presented to the instructor in 
chemistry who will determine the addition 
which is to be made to the term grade. 

3. In so far as possible the decision to 
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enter the contest shall be signified before 
November 10, 1928, but no student shall 
be barred from the contest because of fail- 
ure to enter before the winter quarter be- 
gins. 

4. Chemistry instructors may answer 
questions of informational nature, furnish 
references, and assist in the use of journals, 
indexes, and library materials. 

5. Instructors in chemistry should not 
assist a contestant in the choice of infor- 
mation to be presented, the arrangement 
of the material chosen, or the forms of ex- 
pression to be used. 


University of Arizona and Arizona Sec- 
tion, A.C. S. Dr. Homer LeRoy Shantz, 
internationally known ecologist and plant 
physiologist, who was elected President of 
the University of Arizona last fall, as 
sumed presidency July Ist. On Septem- 
ber 27th, Dr. Shantz addressed the Ari- 
zona Sigma Xi Chapter on: “The Rela- 
tion of Plant Growth and Transpiration 
to Weather Conditions.” 

On November 9th, Dr. A. E. Douglass, 
professor of astronomy and astronomer 
at the Steward Observatory of the Uni- 
versity of Arizona, addressed the Arizona 
Chapter of Sigma Xi on the subject: ‘‘The 
Cyclograph and Its Use in the Analysis of 
Tree Ring Measurements.”’ 

The Arizona Section of the American 
Chemical Society, in response to an invi- 
tation from the Pacific Coast Intersec- 
tional Division, voted to join with that 
group of western chemists. This arrange- 
ment will make it possible for Arizona 
chemists to participate in the programs 
and make contacts with fellow-chemists 
when it is not possible to attend the gen- 
eral meetings of the Society in the East. 

On October 25th, Dr. FE. P. Mathewson, 
professor of mine administration of the 
University addressed the Section on the 
topic: “A Trip to Rio Tinto, the Oldest 
Mine in the World.’”’ The lecture was 
illustrated with lantern slides and proved 
very interesting. 

On November 15th, Dr. E. H. Warner, 
professor of physics, addressed the Sec- 


tion, choosing the topic: ‘“The Determi- 
nation of Avogadro’s Number.’ The 
various classical methods were derived 
mathematically and the values by these 
methods compared. An ultramicroscope 
was set up to demonstrate the Brownian 
movement. 

Dr. Ernest Anderson addressed the 
Physical Sciences Section of the Central 
Arizona Teacher’s Association at Phoenix, 
November 10th, at a round-table discussion 
on “The Teaching of High-School Chem- 
istry.’’ He also addressed the Southern 
Arizona Section meeting of High-School 
Chemistry Teachers in session at Tucson, 
November 2nd, on ‘‘The Chemistry of 
Colloids,” illustrating his talk with ex- 
periments. 

Word has been received from Mr. W. E. 
Roseveare, a former fellow in chemistry, 
who has been pursuing his studies toward 
the Ph. D. degree at the University of 
California, that he has fulfilled the re- 
quirements, and has been appointed an 
instructor in chemistry at the University 
of California for next year. He held 
scholarship records both at Arizona and 
California. 

A paper entitled ‘“‘Cupric Oxide as a 
Standard in Iodimetry and a Comparison 
of It with Other Iodometric Standards,” 
by T. F. Buehrer and C. Morgan Mason, 
has been accepted for publication in 
Industrial and Engineering Chemistry. 

Arrangements have been made by the 
Arizona Section and by the local Chapter 
of Sigma Xi to secure Dr. F. C. Whitmore 
to give two lectures at the University 
during his tour of the West next March. 

The high schools of Arizona have dis-* 
played considerable interest in the annual 
Chemistry Prize Essay Contest ever since 
its inception. To date, four national first 
prizes have been won by Arizona high- 
school pupils: Donald Vivian of Phoenix 
Union; Paul Whiteley of Bisbee, now 
studying at Stanford under a Prize Essay 
Scholarship; May Dunn of Tucson; and 
Esther Laine of Bisbee, who is studying 
at the University of Arizona this year. 

Dr. T. F. Buehrer, Contributing Editor 





1702 


JOURNAL OF CHEMICAL EDUCATION 


DECEMBER, 1928 





for the JouRNAL oF CHEMICAL Epuca- 
TION from Arizona, addressed the Science 
Section of the Southern Arizona Teachers’ 
Association at Tucson, November 2nd, on 
the attractive features of the JOURNAL, 
urging that the JouRNAL be placed in 
every high-school library and made avail- 
able for perusal to every pupil. Teachers 
were encouraged to submit manuscripts 
for publication in cases where novel and 
successful methods or devices have been 
developed to make the teaching of chem- 
istry more effective. 


Dr. Charles H. Herty Will Concentrate His 
Energies upon the Chemical Development 
of the South 


In the course of a letter to the Manu- 
facturers Record, Dr. Charles H. Herty, 
former president of the American Chemi- 
cal Society, and now advisor of the 
Chemical Foundation, writes as follows: 

“For the past several weeks I have been 
weighing carefully the question as to 
whether I should continue in work chiefly 
national in its character, with only inci- 
dental bearing on the South, or whether 


I should modify this program and..place..,.. 


the main emphasis on doing whatever is 
in my power to aid in the industrial build- 
ing up of the South, especially the indus- 
tries directly affected by chemistry. 

“T have decided on the latter course, 
and beginning November 1, I am going to 
cast my lot with the folks down home. 
I am going to open a New York office at 
101 Park Avenue, and during the next 
four or five years I shall give the bulk of 
my energy to this work, dividing my actual 
time about equally between New York 
City and my connections in the South. 

“Already the trend of the chemical 
industries is strongly toward the South. 
The crest of the wave is right now in 
Virginia and West Virginia. One needs 
only to travel from Hopewell, Va., west- 
ward and through the Kanawha Valley 
in West Virginia to see this wonderful 
and very recent development. Nitrogen 
fixation; rayon; paper; caustic soda; 
chlorine; refractories; glass; products 


from natural gas; barium compounds; 
synthetic organic chemical compounds— 
and the most of these products are being 
manufactured from cheap raw materials, 
by the finest type of labor, in an equable 
climate. The advance wave of this move- 
ment is already being felt, though not so 
strongly, in the states farther south. 

“This country is just beginning to 
awaken to the great natural resources of 
the South. There are many in the North 
who are seeking investments, if they can 
only know that these investments are 
sound; there are many localities in various 
parts of the South which possess combina- 
tions of raw material and of power which 
can profit enormously by a wise and 
experienced development of these natural 
assets, which until recently have yielded 
up only a little of their real potentialities. 

“T have a longing to try to be of help 
in bringing these two elements together. 

“T shall retain a part-time connection 
with the Chemical Foundation in order 
to aid the great work it is doing of an 
educational character, and especially to 
aid in arousing public sentiment which will 
lead to better provision for more inten- 
sive research on the fundamental problems 
of health, especially as they relate to 
chemistry.” 

As one of the foremost chemists of 
America, long identified with many great 
movements for the development of the 
chemical industry in this country, this 
announcement of Dr. Herty is of particular 
value to the South and, indeed, to the 
country at large, for the development of 
the chemical industry in the South is one 
of the most marked features of the progress 
of that section. 


Plasticity Symposium, Lafayette Col- 
lege. The third Plasticity Symposium 
is to be held December 17 and 18, 
1928, at the Gayley Chemical and Metal- 
lurgical Laboratories at Lafayette College, 
Easton, Penna., under the joint auspices 
of The Lehigh Valley Section of the A. C. 
S. and the Research Committee of Lafay- 
ette College. 
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Dr. Markus Reiner, of the Department 
of Public Works, Jerusalem, is to be the 
guest speaker. He has brought to this 
country a viscometer of the Cuette type 
which he had constructed at the Wimble- 
don Technical Institute after the designs 
of Professor Emil Hatschek. With it he 
is testing out some of the theories of 
plasticity obtained with the capillary 
tube type of plastometer. 

The program is as follows: 


First Session 
Monday Afternoon—? o'clock 


1. ‘‘Welcome,’’ William Mather Lewis, 
President of Lafayette College. 

2. “Some Fundamental Definitions 
and Some of ‘Their Consequences,”’ 
Eugene C. Bingham, Lafayette College. 

3. “Some Characteristics of the Flow 
of Nitrocellulose Solutions,’ D. R. Wig- 
gam, Hercules Powder Co., Kenvil, New 
Jersey. 

4. “The Plasticity of Single Crystals,” 
Wheeler P. Davey, Pennsylvania State 
College. 


Second Session 
Monday Evening—S8 o'clock 


5. “The Theory of Plastic Flow in the 
Rotation Viscometer,’’ Markus Reiner, 
Department of Public Works, Jerusalem, 
Palestine. 

6. “Plasticity of Solvated Colloids,” 
S. E. Sheppard and R. C. Houck, Eastman 
Kodak Co. 


Third Session 
Tuesday Morning—9 o'clock 


7. “The Structure of Lyophilic Dis- 
persions,”’ Elmer O. Kraemer, E. I. du Pont 
de Nemours & Co., Wilmington, Del. 

8. “The Value of Routine Tests in 
Measuring Consistency,’ S. Bradford 
Stone, College of the City of New York. 

9. “A Modified Plastometer for In- 
dustrial Use,’’ D. V. Gregory, E. I. du Pont 
de Nemours & Co., Philadelphia, Pa. 

10. ‘The Measurement of Consistency 
of Paints,’’ George S. Haslam and L. B. 


Grady, Jr., New Jersey Zinc Co., Palmer- 
ton, Pa. 


University of Cincinnati. The Uni- 
versity of Cincinnati is conducting a series 
of talks on ‘Taking the Mist Out of 
Chemistry”’ over WLW, the 50 kw. station 
of The Crosley Radio Corporation at 
Cincinnati. 

The talks are given at 7:15 to 7:30, 
Cincinnati time, every Wednesday even- 
ing, by Dr. Saul B. Arenson, Assistant 
Professor of Chemical Engineering. 

The titles of the talks which have al- 
ready been given are: 

(1) “The Romance of Chemistry;’’ 
(2) ‘‘How Big Are Atoms;” (8) “The Air 
We Breathe;” (4) ‘‘Decomposed Water;”’ 
(5) ‘What We Drink;”’ (6) ‘That 
Poisonous Green Gas;” (7) ‘Common 
Table Salt; (8) “Sulfur and Molasses;’’ 
(9) “Your 50 Pounds of Sulfuric Acid.” 

The of future talks is as 
follows: 


(10) Dee. 19, ‘‘“Making Nitrogen Work.”’ 

(11) Dec. 26, ‘‘Black Diamonds.” 

(12) Jan. 2, “Carbon Monoxide 
Other Fuels.” 

(13) Jan. 9, ‘The Story of Coal Tar.” 
(14) Jan. 16, ‘““‘Dyes That Plants Never 
Thought of Making.” 

“Industrial Alcohols.” 


schedule 


and 


(15) Jan. 23, 


Georgetown University. The seventh 
annual meeting of the American Associa- 
tion of Jesuit Scientists (Eastern States 
Division) was held at Woodstock College, 
Woodstock, Md. on Aug. 25-27, 1928. 
In the absence of the Rev. Edward C. 
Phillips, president of the association, the 
chair was occupied by the Rev. Richard 
B. Schmitt. The Rev. Vincent A. Mc- 
Cormick, S.J., Rector of Woodstock Col- 
lege, delivered the address of welcome 
which was followed by the presidential 
address delivered by the Rev. Richard B. 
Schmitt, S.J., entitled “The Evolution 
of the Elements and the Stability of 
Complex Atoms.’”’ On the afternoons of 
Aug. 25th and 26th the various sections 
held their separate meetings. 
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At the Chemistry Section papers were 
read according to the following program: 

“Quantitative Analysis of Steel,” Rev. 
Richard B. Schmitt, S.J.; ‘Philosophy 
of Chemical Theories,’’ Rev. T. P. Butler, 
S.J.; “Preparation of Glyceryl Ester of 
Lauric Acid,’ Rev. H. McCullough, S.J.; 
“Literature Searches in Chemistry,” Fran- 
cis W. Powers, S.J.; ‘Quantitative Data 
on Acid Analysis,’ Rev. G. L. Coyle, $.J.; 
“The Present Status of Valence,’”’ Rev. 
J. J. Sullivan, S.J.; ‘Mathematical Prepa- 
ration for the Study of Chemistry,” 
Rev. M. J. Ahern, S.J.; ‘‘Sir Isaac New- 
ton, Chemist,’’ Rev. Lawrence C. Gor- 
man, S.J.; ‘‘Creative Chemistry,” Rev. 
G. F. Strohaver, S.J.; ‘‘University Re- 
search,” Rev. J. J. Sullivan, $.J.; ‘‘“Hydro- 
gen-Ion Determination,” Rev. T. J. 
Brown, S.J. 

On Monday morning, Aug. 27th, the 
final general session was held. At this 
meeting the Rev. Edward C. Phillips 
was reélected president, Rev. Lawrence 
C. Gorman, S. J., was elected secretary and 
the Rev. John L. Gipprich, S.J., Editor of 
the Bulletin. 

The reports of the secretaries of the 
different sections showed that the follow- 
ing officers had been elected for the coming 
year: 

Biology: Chairman, Rev. John A. 
Frisch, §S.J.; Secretary, Mr. Charles 
Berger, S.J. Chemistry: Chairman, Rev. 
Richard B. Schmitt, S.J.; Secretary, Rev. 
Lawrence C. Gorman, S.J. Mathematics: 
Chairman, Rev. Edward C. Phillips, S.J.; 
Secretary, Mr. Thomas D. Barry, S.J. 
Physics: Chairman, Rev. William G. 
Logue, S.J.; Secretary, Mr. Joseph R. 
Hearn, S.J. 

The chemistry department of George- 
town has the following new men on its 
staff: John Connolly, M.S., Thomas 
McGinn, B.S., both of Holy Cross College, 
Worcester, Mass.; Alfred Huntsinger, 
A.B. of Canisius College, Buffalo, N. Y., 
and John Simpson, A.B., of Georgetown 
University. 

Graduate work in the field of chemistry 


been developing very well. The 


has 





following have undertaken studies for 
their Ph.D. degrees: Arthur A. Espen- 
scheid, Francis P. Wilson, John Q. Con- 
nolly. Thomas McGinn, Alfred Hunt- 
singer, John Simpson, and James 
Cavanough have begun studies for M.S. 
degrees. 

On Monday evening, Nov. 5th, the 
Chemistry Academy displayed for its 
members a motion picture entitled ‘““Oxy- 
gen, the Wonder Worker.”’ 

Thursday evening, Nov. 22nd, at the 
first public meeting of the current scholas- 
tic year of the Chemistry Academy, a 
capacity assembly was present to hear 
Major General Amos A. Fries, Chief of 
the Chemical Warfare Service of the 
United States Army, deliver a learned 
and exceedingly interesting address en- 
titled ‘Chemistry in Wartime and Peace.”’ 
General Fries has been the acting head of 
this recently established branch of the 
service ever since its inauguration during 
the late World War. His speech was highly 
interesting and exceptionally well re- 
ceived by his appreciative audience. 


In Memory of Edgar Fahs Smith. A 
meeting in memory of Edgar Fahs Smith, 
formerly provost and Blanchard professor 
of chemistry in the University of Pennsyl- 
vania, was held on December 4th at 4 
o’clock in the Irvine Auditorium of the 
university. Addresses were made by Dr. 
Francis X. Dercum (class of ’87 medical), 
president of the American Philosophical 
Society; Dr. Marston T. Bogert, professor 
of organic chemistry at Columbia Uni- 
versity, and Dr. Josiah H. Penniman, 
provost of the university. 


University of Nebraska. Doctor 
George L. Clark of the University of 
Illinois addressed the Nebraska Section 
of the American Chemical Society, on 
November 21st, upon the subject ‘“What 
Can the Chemist Do with X-Rays?” The 
meeting was held in the chemistry lecture 
room of the University of Nebraska. 
Chancellor-Emeritus, Samuel Avery, was 
formally installed as the new president of 
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the section at the close of the meeting. 

The first annual scholarship award for 
the highest scholarship in freshman chem- 
istry was presented to Homer Deadman 
of Falls City, Nebraska, at a public meet- 
ing of the Rho chapter of Phi Lambda 
Upsilon the evening of November 22nd. 
Aside from the personal medal the winner 
has his name carved upon the Phi Lambda 
Upsilon Freshman Scholarship Cup. 
Doctor Fred Upson, chairman of the 
department of chemistry, gave the ad- 
dress of the evening upon ‘‘How Discover- 
ies in Science Are Made.”’ All freshman 
chemistry students were especially in- 
vited to the meeting. 


Colorado State Teachers’ College. A 
series of radio talks on popular science 
were given over radio station KFKA of 
the Colorado State Teachers’ College on 
December 38, 4, 5, 6, and 7, 1928. 

These lectures were sponsored by the 
chemistry department of Greeley, Colo- 
rado, High School and were so arranged as 
to be of interest to both city dwellers and 
farmers. They treated the subject of 
chemistry in a non-technical manner. It 
is hoped that this series of talks will 
stimulate in both rural and urban dis- 
tricts, a greater interest in every-day 
chemistry and the part it plays in every 
activity of mankind. 


Teachers’ College, Columbia University. 
Two new trustees of Teachers’ College, 


named November 22nd, are: M. Gordon 
Neale of the University of Missouri 
(alumni representative); and Owen D. 
Young of the General Electric Company 
and of the Radio Corporation of America. 


Ninth Annual Ohio State Educational 
Conference. April 4th, 5th, and 6th are 


Austrians Make Gas from Lignite. 


the dates of the Ninth Annual Ohio State 
Educational Conference at Columbus. 
“Evaluating education’ will be the key- 
note of this three-day meeting conducted 
by the College of Education at the Ohio 
State University. Each year the at- 
tendance materially increases. Last 
year’s gain of 335 pushed the number 
who took part in the three general and 38 
sectional meetings to more than 4800. 
Since 1923 the attendance has practically 
doubled. 

To extend the “conference” idea, al- 
lowing group interests to have even 
wider consideration, Friday and Saturday 
forenoons and Friday afternoon will 
be given over to sectional group meetings. 
General sessions will be held Thursday 
and Friday nights only. The customary 
Saturday morning general session will 
give way to sectional meetings. 

Groups admitted to the Conference 
for the first time will be represented this 
year by sections concerned with adult 
education, higher education and attend- 
ance supervisors, school nurses, and visiting 
teachers. In addition to the three new 
groups mentioned, one or more sectional 
meetings will be given to problems of groups 
interested in biological science, city super- 
intendents, clinical psychology, commercial 
education, county superintendents, edu- 
cational and intelligence tests, elementary 
principals, elementary teachers, English, 
geography, high-school principals, history, 
home economics, industrial and vocational 
education, journalism, junior high-school 
principals, kindergarten and primary 
teachers, Latin, mathematics, modern 
language, music, non-biological science, 
parent-teacher association, physical edu- 
cation, religious education, school busi- 
ness Officials, school librarians, special 
education, teacher training, and village 
and consolidated school superintendents. 


Gas for fuel and illuminating purposes can 


be made satisfactorily from lignite, recent experiments at Marburg on the Drau in 


Styria indicate. 


This work is being watched with much interest by Austrian engineers 


and industrialists, because up to the present Austria has had to import high-grade 


anthracite for its gas-works.— Science Service 












| Recent Books 


An Introduction to the Chemistry of Plant 
Products. Paut Haas, D.Sc., Ph.D., 
Reader in Plant Chemistry in the Uni- 
versity of London, University College; 
and T. G. Hill, D.Sc., A.R.C.S., Reader 
in Vegetable Physiology in the Univer- 
sity of London, University College. 
Fourth edition. Volume I: On the 
Nature and Significance of the Com- 
moner Organic Compounds of Plants. 
Longmans, Green and Company, 55 
Fifth Avenue, New York, 1928. xvi 
+ 530 pp., one text figure. 14 X 22 
em. $6.50 net. Printed in England. 


““ 


The book is described as ‘‘a work pri- 
marily intended for students of botany 
reading for an honours degree and for 
those who require information on plant 
chemistry. The subject matter deals 
with the occurrence, chemistry and biologi- 
cal significance of the chief products of the 
plant’s activity; viz., fats, carbohydrates, 
glucosides, tannins, pigments, proteins and 
enzymes. The great increase in bio- 
chemical investigations during recent 
years has necessitated a thorough revision 
of the book which, for the most part, has 
been re-written.” 

The present volume is an improvement 
and modernization, as it were, of an al- 
ready well and favorably known text. 
The authors have very carefully adhered 
to their purpose as quoted above. The 
honors graduate in botany, after an un- 
doubtedly profitable reading of the book, 
can expect to use it to look up the chem- 
istry of substances mentioned in his bo- 
tanical reading. The text and format are 
designed for easy reading and the index 
and table of contents are prepared for con- 


venience in reference. To reduce the 


mention of strictly animal physiology the 
section on co-enzymes in the last edition 
has been removed because it drew mostly 





The treatment 
of this subject is in the section on activa- 


upon work with animals. 


tors. The vitamins are not mentioned, 
probably for the same reason. Sections 
on lignified membranes, nucleic acids, and 
the colloidal nature of protoplasm have 
been added. Directions for the prepara- 
tion of solutions to be used in experiments 
are now given, and in nearly all of the sec- 
tions a more logical and easier presenta- 
tion has been striven for through rewriting 
and rearrangement. New work, including 
some papers of 1928, has been mentioned, 
resulting in a general expansion amounting 
to over a hundred pages. 

For the student whose major subject is 
chemistry and whose minor is botany, as 
distinguished from the botanist, the use 
of this book as a foundation textbook in 
the United States might not be so felici- 
tous. He should know it as a reference 
book, but it is rather specialized as a 
British text for botany students. Many 
of the references are likely not to be avail- 
able in the smaller libraries in the United 
States and the collateral reading assign- 
ments are in the main in other British 
volumes. The correlation with American 
analytical practice, textbooks and litera- 
ture would devolve upon the instructor. 
The American student of chemistry inter- 
ested in botany should be given, for ex- 
ample, frequent and pointed reference to 
the Methods of Analysis of the American 
Association of Official Agricultural Chem- 
ists. 

FE. L. GREEN 

WASHINGTON AGRICULTURAL 

EXPERIMENT STATION 


Essentials of Qualitative Chemical Analy- 
sis. JoHN C. WaRE, Sc.M., Ph.D. First 
edition. John Wiley and Sons, Inc., 
New York City, 1928. 11 figures, 30 
tables, 17 illustrations, 6 color plates. 
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xii + 351 pp. 15 X 23 cm. $3.50 


net. 


‘“‘Essentials”’ means necessities. That is 
what this book contains—everything that 
is necessary to make a well-rounded course 
of qualitative analysis with the idea that 
this is an essential part of the foundation 
necessary for the chemist in whatever line 
of work he may undertake. Thus the 
author justifies the inclusion of applica- 
tions of theoretical principles by stating 
in his preface, which he says is written 
primarily for the student, ‘“You never lose 
sight of the fact that qualitative analysis 
is not necessarily an end in itself but a 
most efficient means of developing chemi- 
cal reasoning power which may prove in- 
valuable in later research work. Your 
final goal is surely not to be a weigher of 
samples in a large routine laboratory.” 

The book is divided into five parts. 
Part I consisting of 84 pages shows the 
application of principles of homogeneous 
and heterogeneous equilibrium to reac- 
tions which are used in qualitative analy- 
sis. The usual principles are developed 
in a clear and easily assimilable manner 
and are followed by exercises along these 
lines for the student. 

Part II, consisting of 140 pages, gives 
preliminary experiments to be performed 
on solutions of the individual metal ions 
and directions for analyzing mixtures or 
unknowns containing more of 
these ions. The order of studying the 
groups begins with the silver group. 
Following the experiments on the cations 
of each group is a discussion which sum- 
marizes the properties which have been 
observed and shows why those to be used 
in the analysis were chosen. The direc- 
tions are followed by notes explaining de- 
tails of the procedures by alternative 
tests which may be used and by a tabular 
outline of the separation. The cations are 
separated into the usual groups by the or- 
dinary group reagents. Group IIB is 
separated from Group IIA by means of 
sodium polysulfide, but by carrying out 
the operation at room temperature mer- 
curic sulfide is said to be left in Group 





one or 





IIA. This is contrary to such authorities 
as Treadwell-Hall and Fresenius and to 
the experience of the reviewer. 

Part III, in 61 pages, deals with the 
anions in much the same fashion that 
Part II does with the cations. The 
identification of the anions consists of indi- 
vidual tests after being approximately 
identified by using silver nitrate, a mixture 
of barium chloride and calcium chloride or 
dilute hydrochloric acid followed by hot 
12N sulfuric acid on separate portions. 

Part IV consisting of 32 pages corre- 
lates the analysis for both cations and 
anions and introduces the subject of the 
complications caused in cation analysis by 
the presence of anions such as phosphate, 
oxalate, acetate, etc., and gives directions 
for analysis in their presence. This part 
also includes directions for dissolving non- 
metallic solids, metals, and non-ferrous 
alloys. Special directions for gold and 
platinum alloys and for silicate analysis 
are given. 

Part V contains outlines for one or two 
semesters of laboratory work, solubility 
tables, directions for preparing reagents, 
list of apparatus required, and atomic 
weight table. 

The innovation which this book intro- 
duces is the six color plates, giving the 
student some idea of colors which precipi- 
tates, fusions, beads, flame tests, etc., 
should have. The reproduction of the 
colors, particularly those of the flame tests, 
is none too good. The colors representing 
the precipitates are better, but being solid 
colors cannot replace entirely the memory 
of a precipitate with both its form and 
color. 

The seventeen illustrations are half- 
tone reproductions of photographs of vari- 
ous control and research laboratories. 
By seeing them the student will realize the 
great diversity of manufacturing plants 
which require analytical work and thereby 
be stimulated to learn more about the 
subject. 

As a whole the book is well written with 
few typographical errors and should find 
a place among the many texts already used 
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in this field but the above-mentioned dis- 
crepancy in separating Groups IIA and 
IIB should cause this procedure to be 
accepted with caution. 
Cari OTTO 
UNIVERSITY OF MAINE 


Elementary Laboratory Experiments in 
Organic Chemistry. RoGER ADAmMs, 
Professor of Chemistry, University of 
Illinois. JoHN R. JoHNsoN, Assistant 
Professor of Chemistry, Cornell Uni- 
versity. First edition. The Macmillan 
Company, New York, 1928. xi + 
305 pp., 19 figures. 14 X 21.5 cm. 
$1.90. 


This laboratory manual is designed for 
the use of students who are beginning the 
study of organic chemistry, and is com- 
piled with the idea of placing before the 
student the more important laboratory 
procedures and technic of organic chem- 
istry. 

The book is divided into two major 
parts. The first is devoted to a clear ex- 
position of the various physical operations 
utilized for the purification of organic 
compounds. Such operations as distilla- 
tion, recrystallization, filtration, etc., are 
described and the student, by experi- 
ment, becomes thoroughly acquainted 
with the unit operations of the laboratory 
before applying the same to the prepara- 
tion of simple organic compounds. 

The second part is devoted to the prep- 
aration of typical organic compounds. 
Here the student applies the unit opera- 
tions of Part I to the synthesis of pure 
organic compounds. Detailed directions 
and pertinent questions accompany each 
preparation and, in a few instances, quali- 
tative tests are introduced to illustrate 
simple tests or reactions. 

Any laboratory manual in organic 
chemistry should accomplish two objects. 
First, it must train a man in the technic of 
the science, and second, it must illustrate 
clearly the application of reactions learned 
in the classroom to practical problems of 
synthesis. This manual satisfies the above 





requirements to a marked degree. While 
the use of qualitative tests would permit 
the covering of more material, it also 
would fail to develop technic which is a 
serious drawback. Such tests at best 
leave but fleeting impressions on the mind 
of a beginner and are soon forgotten. A 
proper technic developed by the use of 
preparations, however, remains an asset 
always and permits the student to ad- 
vance as rapidly in the laboratory as his 
theoretical background may permit. 

The preparations are well chosen and 
cover very well the simpler typical or- 
ganic reactions and compounds, with one 
exception: the proteins. Due to difficulty 
in preparation, qualitative tests might be 
used to advantage in this case. 

This mianual is indeed a very valuable 
contribution to the teaching of elementary 
organic chemistry in the laboratory and 
will, no doubt, be most welcome to many 
engaged in this work. 

JOHN J. DONLEAVY 

YALE UNIVERSITY 


Laboratory Manual of Elementary Physi- 
cal Chemistry. Epwarp Mack, Jr., 
AND WESLEY G. FRANCE, Ohio State 
University. D. Van Nostrand Company, 
New York, 1928. xi + 195 pp., with 40 
figures. 14.5 X 22cm. Cloth, $2.00. 


Experience has shown that these experi- 
ments ‘‘are quite workable, that they 
arouse and sustain the interest of the 
students, and that the present selection of 
topics distributes the emphasis somewhat 
more appropriately over the entire field of 
physical chemistry than has heretofore 
been done in some of the manuals.’’ Less 
time than usual is devoted to molecular 
weight determinations, and in addition to 
the type of experiments usually included in 
physical chemistry, the book contains ex- 
periments dealing with thermionic tubes, 
thermal conductivity of gases, size of mole- 
cules, rate of settling of fine precipitates, 
and light absorption by solutions. There 
are thirty-five experiments, about two- 
thirds of which are expected to be done by 
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the student in a year, so that there is consid- 
erable latitude in selection of experiments. 

There are also three exercises dealing 
with units and dimensions, slide rule, and 
errors in measurements. 

In addition to experimental directions, 
each experiment has a brief discussion of 
the theory involved and questions or direc- 
tions for the treatment of the experimental 
results, together with additional textbook 
references. The introduction contains a 
list of books which should be available to 
the student in the laboratory. While this 
manual may be used with any text it is 
issued ‘“‘as a companual volume to Dr. 
Taylor’s own text of Elementary Physical 
Chemistry.” 

The book is well written, the choice of 
experiments quite large, and should prove 
of interest and value to the teachers of 
physical chemistry. 

D. C. LicHTENWALNER 

DREXEL INSTITUTE 


The Protamines and Histones. ALBRECHT 
Kossk.L, Prof. Physiology in University 
of Heidelberg. Trans. from original 
German manuscript by W. V. Thorpe, 
M.A., Ph.D., Lecturer in Biochemistry 
in University of Birmingham. Mono- 
graph on Biochemistry. Longmans, 
Green & Co., New York and London, 
1928. xi + 107 pp. 15.5 X 24 cm. 
$3.25. 


The manuscript of this monograph was 
completed only a few days before the 
author’s death. As he states in a rough 
draft of the preface which was found, his 
investigations on protamines and histones 
were undertaken chiefly from biological 
aspects; he was first led to study the 
evolutionary changes which protein under- 
goes in the differentiation of tissues, and 
he found these changes to consist in the 
production of proteins which are distin- 
guished by basic properties; these proteins 
are biologically the more important be- 
cause they are formed in the chief organ 
of the cell, the nucleus, where they are 
concerned with cell division, fertilization 
and inheritance. 


Although our knowledge of the histones 
and protamines has thus far attained no 
significance in ‘“‘experimental’’ biochem- 
istry and has been derived only from the 
descriptive side, the pioneer explorations 
made by Kossel and his students are a 
monumental achievement. Many of their 
investigations besides being contributions 
to the subject of his special interest en- 
riched our conceptions of the fundamental 
structure of protein. 

The monograph is a detailed summary 
of the methods of separation and quantita- 
tive estimation of the bases and monamino 
acids, of the preparation of protamines, 
their properties and constitution. Part 
II deals similarly with the histones, with 
particular reference to that of the thymus; 
the concluding pages are devoted to the 
chemical relation of the protamines and 
histones to other basic proteins and their 
biological significance. The bibliography 
contains 204 entries. 

Rarely is it given to a man to work al- 
most uninterruptedly at his chosen task 
for a full half century; and when at the 
age of seventy-five, before laying down his 
pen, he has the opportunity to summarize 
the advances made, this is a gift of the 
gods, their tribute to a great personality. 
He has left an enduring legacy to bio- 
chemical science; all those who in days to 
come endeavor to solve the mystery of 
protein chemistry will enter into his 
labors. H. A. MatTriLi 

STATE UNIVERSITY OF IOWA 


Industrial Chemistry. An elementary 
treatise for the student and general 
reader. Emit RAYMOND RIEGEL, Ph.D., 
Professor of Physical and Industrial 
Chemistry, University of Buffalo. The 
Chemical Catalog Company, Inc., 
New York City. 649 pp. 15 X 23 cm. 
$9.00. 


It is, perhaps, impossible to write an 
“Industrial Chemistry’”’ that will please 


the majority of readers. It certainly is 
impossible for one man to write a satis- 
factory text. Professor Riegel has done 
extremely well, and though his book is 
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attractive and interesting, it still must be 
considered an out-of-date text. 

To substantiate this statement, it is 
only necessary to glance over the book 
and see the many omissions of important 
recent developments. For example, the 
vanadium pentoxide method for the manu- 
facture of sulfuric acid; the use of quartz 
and glass in hydrochloric acid manufacture; 
refrigeration based upon absorption; mod- 
ern continuous methods of fractionation, 
especially in the methyl and ethyl alcohol 
industries; synthetic lactic acid; alcohol 
motor fuels with anti-knock properties; 
phenol manufacture from chlorbenzene; 
deoxidants for rubber; and the partial 
oxidation of natural gas. 

There are, of course, several misstate- 
ments of fact due to the lack of knowledge 
of the particular subject by the author. 
These, however, should be expected. It 
is very difficult to see how that could be 
avoided entirely. 

The selection of material is not neces- 
sarily what many readers would expect; 
for example, considerable space is given 
to the Dubbs cracking process while the 
Holmes-Manley, a modern and efficient 
process, is barely mentioned. The chap- 
ter on lacquers occupies less than a page 
and gives a rather poor picture of this 
new and enormous industry. In the 
chapters on appliances, no mention is 
made whatsoever of stills, columns, or 
scrubbing towers. 

On the other hand, there are several 
chapters that should be specially com- 
mented. One is on patents and the other 
on artificial silk. Several of the chapters 
on appliances are exceedingly good as is 
also the chapter on the materials of con- 
struction. 

In spite of the adverse criticism of this 
book, the reviewer wishes to point out 
that he has never read a more nearly up- 
to-date and more entertaining book on 
this subject. The book can be most 
heartily recommended to students, but 
its sale will be handicapped by its high 
price. D. B. KEYES 

UNIVERSITY OF ILLINOIS 


Traditional Examinations and New-Type 
Tests. C. W. ODELL, Ph.D., Assistant 
Director, Bureau of Educational Re- 
search, University of Illinois. The 
Century Company, New York and 
London, 1928. xiii + 469 pp. 13 X 
20cm. $2.50. 


Several texts on the general subject of 
examinations and tests have recently 
come from the press. The present text 
covers the usual range of topics including 
historical background_of the testing move- 
ment, discussion of advantages and dis- 
advantages of the new-type tests in com- 
parison with the traditional examinations, 
instructions on how to use new-type ex- 
aminations, how to interpret the scores 
and instructions, and how to make exami- 
nations and tests with illustrations of 
several types that have found application. 
This work is unique in that no treatment 
is given of the so-called standardized 
tests. 

The book is descriptive and argumenta- 
tive but the author seems to have made a 
minimum use of the data which are offered 
as objective evidence of the issues of argu- 
ment. This criticism seems especially ap- 
plicable to the chapters on Merits and 
Limitations of Traditional and New-Type 
Examinations. 

The illustrations of test items are ex- 
tremely varied in nature and cover a wide 
range of subjects. But, here again ob- 
jective data for evaluating the different 
types are lacking. Any one even fairly 
familiar with the testing movement is 
aware that the different forms of test 
items illustrated are not equally applicable 
and that some are hardly applicable at all. 

The book, which has been prepared to 
meet the needs of teachers actually in ser- 
vice and as an introductory text in the 
field, may be expected to serve a useful 
purpose. Chemistry teachers who wish to 
become familiar with the discussions relat- 
ing to the traditional and new-type tests 
as well as those looking for practical sug- 
gestions relating to the questions of how 
to make and how to use examinations will 
find much of interest in it. An appended 
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bibliography, selected and annotated, 
adds to the value of the work. 
S. R. POWERS 
TEACHERS’ COLLEGE, 
CoLUMBIA UNIVERSITY 


Laboratory Manual of High-School Chem- 
istry. GrorGE Howarp Bruce, 
Horace Mann School for Boys, Teachers’ 
College, Columbia University. World 
Book Company, Yonkers, New York, 
1928. ix + 101 pp. Twenty illustra- 
tions of apparatus. 13 X 19cm. $0.76. 


In the preparation of this manual the 
author states that he has tried to keep in 
mind the point of view of the student. 
The experiments with the accompanying 
directions have been tried out in the class- 
room in mimeographed form, in proof, and 
in the first edition. Clearness of direction 
and ease of manipulation have been talked 
over with the students. The result of this 
painstaking effort is a series of experi- 
ments which are weil within the under- 
standing and manipulative skill of the 
average boy or girl. No difficult experi- 
ments have been included. So-called 
demonstration experiments have been 
omitted as more suitable for a teacher's 
handbook than for a laboratory manual. 

The book is issued in both the bound 
form and the looseleaf form. The latter 
would, perhaps, be more readily adaptable 
for use with other texts than the author’s 
High-School Chemistry which this manual 
was written to accompany. By making 
suitable change in the order of experi- 
ments, this manual might be used with any 
of the usual high-school texts in elemen- 
tary chemistry. 

The experiments offered are those usual 
to the beginner’s course and include little 
that is new or markedly different. But 
the experiments are well thought out, the 
directions are clear and simple, and the 
questions are intended to direct the stu- 
dent’s attention to essential points in the 
procedure or to stimulate thought on the 
matter in hand. 

Some teachers would, doubtless, wel- 
come more experiments on applied chem- 


istry for use as optional material for the 
better students; such material often adds 
greatly to the interest of the course. 

The twenty drawings of apparatus are 
excellent but it may be questioned if per- 
spective drawings are as well adapted for 
elementary instruction as are the simpler 
line drawings. Where students are re- 
quired to draw the apparatus used in an 
experiment, there are few who can do per- 
spective well, while most pupils can do an 
acceptable line drawing. 

The appendix contains the usual useful 
tables. The directions to students at the 
beginning of the book contain much useful 
and valuable advice as to laboratory pro- 
cedure. 

The book is well printed and bound. It 
will form a welcome addition to the list of 
laboratory manuals in which teachers of 
chemistry should be interested. 

C. H. STONE 
ENGLISH HIGH SCHOOL, 
Boston, MASSACHUSETTS 


The Development of the High-School 


Curriculum. Sixth Year Book, Dep’t 
of Superintendence of N. E. A., The 
Nat. Educ. Assoc., 1201 Sixteenth St., 
N. W., Washington, D. C., 1928. 584 
pp. with 53 tables. 15.5 X 23 cm. 
$2.00. 


This volume is but one of a series of 
year books, which have emanated from 
the same source, upon curriculum con- 
struction. Former titles are: Elementary 
School Curriculum; Research in Con- 
structing Elementary School Curriculum; 
The Nation at Work on the Public School 
Curriculum; and The Junior High-School 
Curriculum. 

“The Development of the High-School 
Curriculum” is the work of twenty-four 
committees. The first twelve chapters 
deal with twelve outstanding issues which 
all local school systems must face before 
entering upon an extensive program of 
revision of secondary school curriculum. 
Among these chapter titles are: The Needs 
of American Youth; Objectives of Secon- 
dary Education; Curriculum Problems of 
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the Small High School; The Appropriate- 
ness of High-School Courses for Pupils 
Not Going to College; The Relationship 
between High School and College; Differ- 
entiation of Curriculum for Pupils of Dif- 
ferent Levels of Ability; and The Junior 
College Curriculum with Special Refer- 
ence to Orientation Courses. 

Part II—Research in Secondary School 
Subjects—contains eleven chapters deal- 
ing in turn with outstanding investigations 
of curriculum material for: social studies; 
English; mathematics; science; modern 
and foreign languages; Latin; music; 
art; home economics; industrial subjects; 
and commercial subjects. 

Part III consists of thirty pages de- 
voted to Health and Physical Education in 
Junior and Senior High Schools. 

The preface cautions the reader that 
“material presented . . . will have to be 
interpreted in the light of different condi- 
tions found in communities of varying 
size.” Throughout the volume the reader 
should bear in mind the committee’s 
definite policy that ‘“‘none of the conclu- 
sions are presented with finality.” Sug- 
gestions are given and each community is 
urged to solve its own problems as far as 
possible. ‘To one who is at all conscious 
that our curriculum is still evolving this 
volume is both stimulating and helpful. 

B. CiirForD HENDRICKS 
UNIVERSITY OF NEBRASKA 


Course of Study in Chemistry for the 
Senior High School. Published by the 
State Department of Public Instruction 
of New Jersey, 1928. 67 pp. 23 X 
15.5 cm. 


This report includes the following topics: 
Outline of Subject Matter, Terms, Chemi- 
cal Equations, Experiments, A Few Sug- 
gested Demonstrations, Reference Ma- 
terials, The Place of the History of Chem- 
istry in a High-School Chemistry Course, 
A Brief Statement of the Main Theories 
Included in the Subject-Matter Outline. 

The State Department of Public In- 
struction of New Jersey had two purposes 
for issuing this publication: (1) to set stand- 





ards of work of secondery grade in this 
science, and (2) to outline a field of 
chemical science that will serve to make 
the community more intelligent in and 
appreciative of the benefits of this branch 
of knowledge. 

The objectives which guided the com- 
mittee in preparing this outline of the 
chemistry course are stated as follows: 
(1) To provide an opportunity, as a basis 
of good citizenship, for pupils to become 
acquainted with some of the applications 
of chemistry to home and community life, 
commerce, trades, and the professions. 
(2) To provide pupils with a broader 
appreciation and understanding of the 
world in which they live. (8) To provide 
opportunity for gaining chemical knowl- 
edge which will contribute to individual 
and community health. (4) To provide 
opportunity for training in the scientific 
method of thinking through the study of 
real chemical problems. (5) To provide 
pupils with a substantial foundation, so 
that the study of chemistry may be 
profitably continued if desired. (6) To 
provide an opportunity for thinking and 
imagining in scientific terms, to the end 
that the pupil may come to a decision as to 
whether chemistry offers for him a field 
for vocational activity. (7) To provide 
interests which may function in a more 
worthy use of leisure time. 

This publication contains many valu- 
able suggestions and useful material for 
high-school chemistry teachers. 

M. W. G. 


Chemical Treasures of the Forest. Louis 
E. Wisk, Prof. of Forest Chemistry at 
The New York State College of For- 
estry, Syracuse, N. Y. Reprinted from 
American Forests and Forest Life, The 
Magazine of The American Forestry 
Assoc., Washington, D. C. 30 X 23 
cm. 28 pp. 


The seven papers contained in this 
booklet have the following titles: (1) 
Wonder Burners of Wood; (2) Knights of 
the Paper Trail; (3) Spinners of Wood; 
(4) Twilight of the Natural Dyes; (5) 
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Trees as Oil Producers; (6) Alcohol via 
the Wood Route; (7) Our Oldest Industry. 
Numerous excellent illustrations accom- 
pany these articles. 

The material is recommended to both 


students and teachers. 
M. W. G. 


Teachers’ Salaries in Certain Endowed 
and State Supported Colleges and Uni- 
versities in the United States, with 
Special Reference to Colleges of Arts, 
Literature and Science, 1926-1927. 
TREVOR ARNETY. Occasional Papers, 
No. 8. General Education Board, New 
York City, 1928. 83 pp. 22.5 X 15 


cm, 


The Table of Contents is as follows: 
TI. Previous Study of Teachers’ Salaries; 
II. Procedure in Present Study; III. 
Comparative Salaries of Teachers; IV. 
Additional Earnings of ‘Teachers; V. 
Provision for Increased Cost; VI. Con- 
clusions; VII. Appendix. 

The appendix, pages 33-83, includes 
(1) copies of questionnaires used in collec- 
tion of data; (2) colleges of arts, literature, 
and science, and corresponding colleges 
and departments of universities—detailed 
tables, and (3) professional schools or de- 


partments. 
M. W. G. 


Abstracts of Scientific and Technical 
Publications from the Massachusetts 
Institute of Technology. Numbers 1 
and 2. The Technology Press, Cam- 
bridge, Mass., 1928. 28 XK 15 cm. 

M. W. G. 


Students’ Kelvin Bridge. Bulletin No. 
434. Leeds & Northrup Co., Philadel- 
phia, Pa., 1928. 26.5 X 20cm. 8 pp. 


In designing this instrument for use in 
the educational laboratory, special atten- 
tion has been given to the following fea- 
tures: (1) the instrument is rugged and 
comparatively inexpensive; (2) the range 
is wide enough to demonstrate the applica- 
tions of the method; (8) the accuracy is 


sufficiently high to command the user’s 
respect; (4) the construction is simple, 
and affords a clear illustration of the fun- 
damental principles of the method; (5) 
this instrument is a simplified model of the 
L. & N. Self-Contained Kelvin Bridge, 
which is widely used for laboratory and 
industrial purposes; (6) it is adapted to 
general use in the measurement of resist- 
ance from 0.1 ohm to 0.001 ohm when the 
accuracy required is of the order of 0.5 per 
cent. 

The publication will be sent upon re- 
quest. 

M. W. G. 


Automatic Control of Acid Baths. Bulletin 
No. 500. Leeds & Northrup Co., 
Philadelphia, Pa., 1928. Spp. 26.5 X 
20 cm. Free on request. 


This apparatus is designed to maintain 
a uniform strength of acid in a bath used 
in the mercerizing process. 

The publication will be sent upon re- 


quest. 
M. W. G. 


Ten Years of Educational Research, 1918- 
1927. Wa LtEeR S. Monroe, Director, 
Bureau of Educational Research, Col- 
lege of Education, University of Illinois; 
Charles W. Odell, Asst. Director; M. E. 
Herriott, Associate; Max D. Englehart, 
Assistant; Mabel R. Hull, Assistant. 
Bulletin No. 42. Published by the 
University of Illinois, Urbana. 1928. 
367 pp. $1.00. 


This publication contains a complete 
survey of educational research carried out 
during the past ten years. 

The table of contents is indicative of 
the material contained. Part I: Educa- 
tional Research before 1918—the Pioneer 
Period; A General Survey of the Period 
1918-27; Research in Educational Meas- 
urements; Curriculum Research. Ap- 
pendix A. ‘Tabular Summary of Activi- 
ties of the Bureau of Educational Research 
at the University of Illinois 1918-27. 
Appendix B, List of Printed Publica- 
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tions of the Bureau of Educational Re- 
search at the University of Illinois, July 8, 
1918, to June 30, 1928. PartII: Reports 
of Educational Research and Related 
Materials; Topical Index to the Reports of 
Educational Research and Related Ma- 
terials; List of Doctors of Philosophy in 
Education by Institutions. 

In the foreword by Dr. Monroe, we read: 
“This description of the activities of the 
Bureau of Educational Research during 
the first ten years of its existence is in- 
dicative of the general status of educa- 
tional research during the period.....We 
have not clearly understood what educa- 
tional research is or should be. The 
function of a department of educational 
research in a college of education has been 
even less clearly defined. It has been 
necessary for us to feel our way somewhat 
cautiously, and the changes in policy repre- 
sent the recognition of needs for service. 
Under the present administration the 
research activities have varied widely. 
This policy was adopted intentionally, for 
it was believed that in this way we could 
appeal to a larger audience. Although we 
have carried on a number of studies in 
which objective methods were employed, a 


large portion of our resources have been 
devoted to research of the philosophical 
type. Studies of this character, together 
with those having to do with technics of 
research, are indicative of a significant 
phase of our present policy.” 

M. W. G. 


Reprint and Circular Series of the 

National Research Council. 

No. 83. Sixth Report of the Committee 
on Contact Catalysis. . RoBERT E. Burk, 
in collaboration with other members of 
the committee. 1928. 47 pp. 17 X 24.5 
cm. $0.50. 

No. 84. I. The Fourth Census of 
Graduate Research Students in Chemistry, 
1927. II. Support of Graduate Re- 
search in Chemistry in American Univer- 
sities, 1927-28. CLARENCE J. WEST AND 
CaLuiiE Hutu. 1928. 13 pp. 17 X 24.5 
em. $0.20. 

M. W. G. 


A CORRECTION 


In the November number, page 1527, 
the address of Bobbs-Merrill Company 
was erroneously given as New York. The 
correct address is Indianapolis, Indiana. 


Schools Should Do More than Teach. Schools should do more than train mem- 
ories and teach facts, declared Dr. Rachel S. Yarros at the autumn meeting of the 


American Social Hygiene Association in Louisville, Ky. 


Our opportunities for recre- 


ation are limitless, so it is up to the schools and homes to train children to take advan- 


tage of such of these as are healthy and desirable. 


The schools must do their share in 


cultivating love of beauty in literature, music and other arts. 
The home cannot provide one type of amusement for the parents and another for 


the children. 


In homes where parents find recreation and enjoyment in good books, 


music, and artistic drama, the children will grow up with a taste for the same thing. 
The community, in turn, has a responsibility to fulfil in providing proper oppor- 
tunities for recreation and this, according to Dr. Yarros, means more than playgrounds 


and municipal swimming pools. 


“Every community large or small should provide or subsidize some form of music, 
popular lectures, little theaters, community entertainments, as well as ample facilities 


for physical exercises,’’ he said. 


This competition to low-grade movies, cabarets, and dance halls may seem a costly 
undertaking, but it will prove an economical way to prevent vice, crime, and unhappi- 


ness.— Science Service 





AUTHOR INDEX 


Journal of Chemical Education 


Volume 5, 1928 


Articles: 


ALLARDYCE, W. J. An _ Efficient and 
Economical Hydrogen Sulfide Gen- 
erator. - oi ain ciure stelalara lee iaais eget a =-s 

ASHDOWN, A. se James Mason Crafts... 

ASHLEY, R. H. Hydrogen-Ion Concen- 
SOU as oi Sidr c aie ck Se ees ae kre one 


BAKER, J. A. AND H. H,. HALDEMAN. 
Improved Hot-Wire Glass Cutter 
Barrus, D. C. A Convenient Form of 

Hydrogen Sulfide Generator 

BARTLETT, G. Carboloy—A New Tool 

Material. . 
Mechanical Chemists. . 

BELL, F. L. A Chemistry Exhibit.. 
Posters in Chemistry. . 

BENNETT, G. W. AND F. G. McKek. 
Potassium Ferrocyanide as a Quali- 
tative Test for Zinc. 

Benson, H. K. The Relation of the 
Forest Mantle to the Teaching of 
Chemistry in Secondary Schools... .. 

BILLINGER, R. A Night in Alchemy.. 

Buiack, N. H. Projection of Brownian 
Movement. aces tae cree 

BLANCHARD, WwW. "M. “An Outstanding 
High- School ane of Chem- 
istry. 

BOGERT, M. T. Science in the Interest 

of Peace.. 
Science, the Individual and the State. 

BRACKETT, R. N. Thomas Green Clem- 
son, aed the Chemist. 

Part I. Sasha aol 
Part i. 

BRAUER, O. L. What to Expect of the 
High- School Student in Chemical 
Formula and Equation Writing. . 

BRAYTON, a nected Interest in 
Freshman Chemistry. . PP 

Brings, P. C., Jr. The Relation of 
Chemistry to the Home.. 

BrockMAN, C. J. The Origin ‘of Voltaic 
Electricity: The Contact versus 
Chemical Theory before the Concept 
of E. M. F. Was Developed 

Browne, C. A. An Old Colonial Manu- 

script Volume Relating to Alchemy. 
Dr. Edgar Fahs Smith.............. 
Emerson and Chemistry. Part I.. 


Pa 
Burt, C. P. The First-Year College 
Course in Chemistry for Students 
Who Have Studied the Subject 
before Entrance. LEE EES 


Capy, H. P. anp H. M. Etsey. A Gen- 
oo Definition of Acids, Bases, and 
Come ER Mercury and Its Com- 
pounds in Ancient Times............ 
CuHamot E. M. anp C. W. MaASsON. 
Chemical Microscopy. 
I. Crystallization Experiments as 
an Introduction to Metallography. 
II. Its Value in the Training of 
Chemists. . 
IIL. Hts Value in ’ the “Training of 
Chemists. . 
Couns, W. D. 
Symposium 


Discussion: Analytical 


CONANT, J. B. Atoms, Molecules, and 
Ions.. bree 
Coox, G. A: A ‘Few “Suggestions for 
Testing in High-School Chemistry. . 
Cooks, G. B. An Electric Steam-Bath. . 
Cornoc, J. An Apparatus for Indicating 
the Conductivity of Solutions and 
of Fused Salts. . diet 
A Qualitative Test ‘for. ‘Arsenic or 
Antimony. . 
CORNWELL, R. T. E Quantitative ¢ Or- 
ganic Microanalysis. . 2 . 


DARMSTAEDTER, L. AND R. E. OESPER. 
Emil Fischer. ..... ne 
Jeremias Benjamin Richter. 

Davis, F. C., J. E. Day anno—. 
Conductivity Apparatus. . , 

Davis, T. L. Boerhaave’s Account of 
Paracelsus and Van Helmont.. , 

Day, J. E., W EVANS a “An 
Experiment in Coéperative Teaching. 
The Preparation of a Wood Char 

Day, J. E. ano F. C. Davis. A Con- 
ductivity Apparatus. . Peer icer 

Day, J. E. AND R. J. SuTToN.. “The Com- 
bining Weight of Copper............ 

Day, J. E. AND E. W. WALKE. An In- 
expensive Desiccator. ale 

DEMING, H. G. Interviewing Doctor < 

DENSLow, R. R. iene Point Curves of 
Mixed a ag a é 

Dossins, J. F. C. VILBRANDT AND—. 
A New Chana Laboratory Fume 
Duct System. . 

Dopps, K. D. New- Type “Tests Versus 
Old- Type Tests. A Comparison... .. 

DonNAN, F. G. The Mystery of Life. . eae 

Doucuerty, G. The Elementary Chem- 
istry Courses at Princeton. 

DunBarR, R. E. A New Method for 

Demonstrating Dust Explosions. . . 
The Chemistry —— House as an Aid 
in Instruction. . 

DunBarR,R.E., C. a HOLGATE and J. T. 
HARKNESS. Term Paper Practices in 
— Chemistry in the High 

Du NNINGTON, Py Sketch of Dr. 

John William Mallet. 


E.tszy, H. M., H. P. Capy anp—. A 
General Definition of Acids, Bases 
ee RI Sea 

Evans, W. V., A. GUILLAUDEU AND—. 
Evening Instruction for the Chemist 
in Industry. The Chicago Plan.. a 

Evans, W. L. AND J. E. Day. An ‘Ex- 

periment in Coéperative er. 
The Preparation of a Wood Char. 


FERNELIUS, W. C. AND W. C. JOHNSON. 
Liquid Ammonia as a Solvent and 
the Ammonia System of Com- 
pounds. 

I. Liquid Ammonia asa Solvent. 

II. Inorganic Ammonia Compounds. 
FLemine, F. P. A Unique Laboratory. . 
Forses, J. C., W. B. MELDRUM AND—. 

The Volumetric Determination of 
CIEE. 00 os cces me secsvsnasaseces 


589 


854 
1558 


851 
349 
531 





1718 


JOURNAL OF CHEMICAL EDUCATION 





DECEMBER, 1928 





Fou._k, C. W. Advanced and Graduate 
Work in Anz age al Chemistry. . 
O 


FRANK, ] The Need for Standards 
in Courses in the Teaching of Chem- 
Furman, N. H. The Technic of Con- 
ducting the Introductory College 


Course in Qualitative Analysis....... 


GerMeER, L. H. Optical Experiments with 
Electrons. 
ET GR Poe aire Sire ee aA etre earn 
OS | Ae RON, ARS Pree See a ar enna 
Gite, B. A. Blasting Explosives. ..... 
GorTNER, R. . A Note on the Agri- 
cultural Biochemistry Building at 
the University of Minnesota... . 
The Appeal of Biochemistry in an 
Educational Program. . vee 
Grecc, E. Chemistry in Relation to 
National Defense. . oA 
GRONEMEYER, G. E. ‘The Relation of 
Chemistry to the Enrichment of Life. 
Guitp, B. H. Qualitative Analysis in 
High-School Chemistry............. 
GuILLAUDEU, A. AND W. V. EVANS. 
Evening Instruction for the Chemist 
in Industry. The Chicago Plan..... 
Guy, J. S. Discussion: Analytical Sym- 
posium..... 
Objectives in the ‘Teaching ¢ of. f Quali- 
tative Analysis. 





HALDEMAN, H. H., J. A. BAKER AND—. 
An Improved Hot-Wire Glass Cutter. 

HALDEMAN, W. S. Laaneees of a 
Chemistry. . 

Haui, C. A Chemist of ; a "Century Ago.. 

HARKNESS, J. T., R. E. Dunsar, C. H. 
HOLGATE AND—. ‘Term Paper Prac- 
tices in Teaching Chemistry in the 
High Schools of the United States. 

Hariey, D. L. The Relation of Chem- 
istry to National Defense....... 

S. A Small Washbottle. 


Hart, C. a 
Hart, F. T. Experiences with Oral 
Recitations in Descriptive — 


School Chemistry. 

Hersic, G. B., M. C. SNE ED, —anp G. 
TROVATTEN. A Modified Proc ae 
for the Analysis of Group III.. 

Henpricks, B. C. How to Teach ‘Chem- 

istry: Library Helps............. 
The High-School Chemistry Library. 

HERRON, F. Y. A Lecture Experiment on 
PMN NNU ooh acoso less. 5: 69 4 ase2 3-40 4656 

HILBOURNE, E. W. The Displacement 
Series as a Source of Effective Chem- 
istry Teaching. . 

Hu, A. E. Chemistry ‘at New York 
University. The Nichols’ Chemistry 
Building at University Heights. .... 

Hockett, R. C. A Self- Adjusting Buret 
Apparatus. . e 

Honces, J. H. AND A. M. WuirE. Note 
on the Purity of Effluent Gas from 
Simple Gas Generators. ae 

HoueaTe, C. H., R. E. DUNBAR —AND, 
j. HARKNESS. ‘Term Paper Prac- 
tices in Teaching Chemistry in the 
High Schools of the United States... 

Houmes, H. N. The Research Instructor 

for Colleges. . se 
The Street of the Alchemists. .. . 

Ho.ton, E. C. The Story of Paint and 
Varnish. 

EMTs ote Sy a sis Ake oie sete ree es 
SVS | ee 
Patt aii.....% 

Horton, R. E. 
Belong?..... . 

Hoi, C., €. J. WwW EST ‘AND—. 


Does. Laboratory Work 


Doctorates 


in "Chemistry Conferred by Ameri- 
can Universities, p 
Support of Graduate Research in 


979 


326 


1406 
974 
573 


1445 


810 
978 


994 


733 


451 


1131 


595 


1445 
337 
467 


515 
682 
836 


1432 


1450 


Chemistry in American Universities, 
1927-1928. . 
The Fourth Census of the Graduate 
Research Students in Chemistry. . 
Huntress, E. H. The Chemistry of the 
Red and Blue Pigments of Flowers 
and Fruits. 
Part J. 
Part Il. 

Hurp, C. D. The A. C. S. Institute of 
Chemistry. . A ; 
Jounson, W. C., W. C. FERNELIUS AND—. 

Liquid Ammonia -s a Solvent and 
the Ammonia System of ‘om- 
pounds. 
I. Liquid Ammonia as a Solvent. . 


I. ’ epee Ammonia Com- 
pounds. . A ee ee ee 
JOHNSTON, E. S$ " Boron: ‘Its Importance 


in Plant Growth 

JounsTon, J. Josiah Willard ‘Gibbs, ‘An 
Appreciation. .. . 

JonEs, M. C. K. Chemistry in the De- 
velopment of the Gas Industry. . ‘ 


Chemistry at New York 
University. The Future.. 

Keyes, D. B. What a Summer School 
Course in Chemical peeeuniend Can 
Accomplish. . 

KHARASCH, M. S. AND 0. " REINMUTH. 
The Electron in Organic Chemistry. 

I. The Electronic Conception of the 
Nature of the Carbon-to-Carbon 
Bond from the Standpoint of the 
Theory of Partial Polarity. . 

KIPLINGER, C. C. Crystallization ‘of a 
Metal from a Solution of Its Salt..... 

KisseL, J. A Home-Made Electric Fur- 


Koxkatnur, V. R. The Teaching of 
Chemistry in a Democracy. . 
Kremers, H. C. Lecture Experiment 
to Illustrate Osmotic Pressure. 
A Simplified Barometer............. 


KENDALL, J. 


LAINE, E. Chemistry as Applied to the 
Oil Flotation of Copper Ores. 

LAMBERMONT, he New Laboratories 
of the Brussels Polytechnic School. 

LESLIE, R. The Relation of Chemistry to 
the Enrichment of Life. 

Lewis, W. L. The Chemist and the In- 
dustrial Association. ae 

Litt.e, A. D. Chemical Industry. ee 

LucassE, W. W. The Possible Over- 
Emphasis of a ill Instruction 
in Higher Institutions. . : 


MacTavisoH, W. C. Chemistry at 
New York University. Recent De- 
velopments at Washington Square 
(OG) ae 

MAHANNAH, J. E. 
High School. . 

Maun, E.G. The Technic of Conducting 
the Introductory College Course in 
Quantitative Analysis. . : 

Maun, J. E. Diagnostic Study of 
Students’ Difficulties in Chemistry 
and the Effects of Application of 
Remedial Measures. . 

Mason, C. F. Deceptive ‘Advertisements. 

Mason, C. W., E. M. CHAMOT AND—. 
Chemical Microscopy 

I. Crystallization Experiments as 
an Introduction to Metallography. 
II. Its Value in the Training of 


Chemistry Projects in 


Chemists. 
III. Its Value in the “Training of 
Chemists. ; 
MartTern, L. W. “The Correlation of 


High-School Chemistry with First- 
Year College Chemistry. . 
Maxson, R. N., J. W. RAMSEY AND—. 


1005 
882 


1392 
1615 


606 


291 


457 


323 


404 
964 
1491 
301 
530 
1004 
1084 
64 
1062 
846 
641 


142 


455 
1112 


208 


536 


1627 




















Vou. 5, No. 12 


AuTHOR INDEX 





Lecture-Table Demonstration of Os- 
motic Pressure. 

MAXWELL, M. An Easily ‘Made Ozonizer. 

McCrackaNn, R. F. AND EMANUEL Passa- 

MANECK. Sanitation, Safety and 
Convenience in Pipetting. . tie 

McHarcuE, J.S. Dr. Robert Peter..... 

ai M. J. Practical Chemistry in 
McKee, F. G., G. W. BENNETT AND—. 
Potassium Ferrocyanide as a Quali- 
tative Test for Zinc... . 

McKinney, P. V. The Principle ‘of the 
Chemical Problem. . 

McCPHERSON, W. Positions “Open to 
Graduate Students Majoring in 
Chemistry, in Various canals and 
Universities... ... emee aaa 

Some Experiences of Dr. Edgar F. 
Smith as a Student under Wohler. . 


MEEs, C. E. K. The Process of Color 
Photography 
Past I. Basle Tistery.......cc8000 
Part II. Screen-Plate Processes... .. 

MELDRUM, W. B. anv J. C. ForBEs. 
The Volumetric Determination of 
Chloride. . 

MICELI, P. The Relation * of ‘Chemistry 


to Health and Disease..... 
MICHALEK, J.C. AND T. E. PHIpPs. 
ing Amalgam Electrodes in 
err er 
MoI.uiet, J. L. The Relation of Chem- 
istry to the Development of the 
Petroleum eceeenid in the United 
States. . : Sma an anteie aks 
MosELEy, H. W. Pasteur: The Chemist. 
MUHLEMAN, G. W. A Comparison be- 
tween European and American Meth- 
ods in Education. 
Munro, L. A. A Modification of the 
Pyrogallol Method for ee 
the Amount of Oxygen in the Air.. 


Mov- 
Class 


Necsus, S. S. Modern Chemistry in 
pS Pee ree rr oe 
Nicuoits, W. H. Chemistry at New 
York University. A Retrospect... .. 
Noyes, W. A. Standards of Length, 
Weight and Volume in the United 
States.. ; iorkeekes aes 


OESPER, R. E., L. DARMSTAEDTER AND—. 
Emil Fischer. een eae ae ue 
Jeremias Benjamin Richter.......... 

OcBurRN,S.C., JR. The Platinum Metals. 

OLSEN, J. C. ‘The Work of the E xception- 
ally Gifted Student in nade and 
Chemical Engineering. . 

OseER, J. I. Flame Tests. . 

OTTERBACHER, T. An Electric ‘Hot Fun- 
nel.. Mee at 


Pater, A. M. Foreign Study Fellow- 
ship Opportunities. - 
~~ one Field Service Fellow- 


Saar '- ‘The ‘Teaching of Chemistry 
in German Universities... . 

PAPPENHAGEN, L. A. Honors Problem 
in Quantitative Analysis... .. 

PASSAMANECK, E., R. F. McCRACKAN "AND 


—. Sanitation, Safety and Con- 
venience in Pipetting.. 
Persinc, K. M. A Study in “Units of 


Volume. . 
PFEIFFER, P. “Alfred Werner. ® 
Puipps, T. E., J. C. MICHALEK AND—. 
ae maeieeit Electrodes in Class 


Work.. f 
Poporr, C5 ‘Discus ion: Analytical 
Symposium. . 


PorTeER, L,. E. An. E ‘xperiment in Quanti- 
tative Analysis for Group Perform- 


BUCH ie ie cae oeae ogncutcaneesees 
PrIcHARD, D. W. The Water Supply.... 





343 


725 


1090 


197 
985 


1429 
1671 


Quit, L. L. Ilinium—Element Number 


RAE, J. B. The Relation of Chemistry to 
Agriculture. . weenawdmes 

RAMSEY, J. W. “AND R. N. Maxson. 
Lecture-Table Demonstration of Os- 
motic Pressure. 

REEpy, J. H. Objectives ‘and Content of 
the Elementary College Course in 
ge ar ag Analysis. ; 

REESE, J. S., IV. Chemical E ducation at 

the U niversity of Vienna. apy ae 
A Correction,. 
REINMUTH, O. Reversing ‘the 
Debit. . Sey 
The Structure of Matter. 
I. Hydrogen and Oxygen... 
II. The Periodic Classification of 
the Elements........... 
III. Some Miscellaneous Applica- 
ae eee 
IV. Ions and Ionogens. . 
Why Study Chemistry?. 

ReEtInMvUTH, O., M. S. KHARASCH AND—. 

The Electron in Organic Chemistry. 
I. The Electronic Conception of 
the Nature of the Carbon-to-Carbon 
Bond from the Standpoint of the 
Theory of Partial Polarity...... * 

REYERSON, L. H. The Organization and 
Researches in Progress at the Kaiser 
Wilhelm Institute for ancien and 
Electroc -hemistry. . 


‘Nitrogen 


RICE, A Note on Removing 
“Frozen” Glass Stoppers... =e 

RicHarps, W.. T. A Definition of 
Science. . 


ROBINSON, J. R. The Relation of Chem- 
istry to Forestry. : 

ROGERS, A Survey of. Chemistry 
Teaching in Wisconsin High Schools. 

Rose, R. E., Molecular Speed. 


SampEy, J. R. An Outline of Pandemic 

Chemistry. * 

Laboratory Ww Tork” for a 
Pandemic Chemistry. 

J. Lawrence Smith... .. 
Scumipt, W. A. Contributions of Chem- 
istry to Industry 

Part I We SR RSS LR 

Part | | aa aes 
ScnvueTtE, H. A. Know 
Oleomargarine. 


Course in 


Your Foods. 


Sears, G. Discussion: Analytical 
Symposium... ..........-.+-.+2-:> 
Sessions, W. V. Some Early Industries 


of the United States... ...5 2.555.054. 
SILVERMAN, A. Intensive Training in 
Chemistry. 
Simon, S. The Relation of Chemistry to 
the Home. 
SKINNER, S. A. ‘A ‘Simple ‘Illustration of 
the Law of Mass Action. 
SmirH, H. R._ Efficient Laboratory 
struction in Chemistry. ae a 
SNEED, M. C., G. B. HEISIG AND G. C. 
TROVATTEN. A Modified Procedure 
for the Analysis of Group III...... 
Sorum, C. H. Lecture Demonstrations 
for General Chemistry............. 
Spear, W. W. Why Survey?.. ar 
Stamm, A. J. Importance of Phy sical 
Investigations in the Study of the 
Constitution of Wood. 
Stewart, O. J. Another Attempt ‘to Base 
a Classification of the Elements on 
Atomic Structure... .. : 
Stone, C. H. A Question of Procedure. 
An Apparatus for the Preparation of 
Chlorine... .. 

Graphic Method for ‘Solving Simple 
Stoichiometric Problems... . 

The Combining Ratio of Copper ‘and 


Tn- 





561 


1068 


404 


462 


874 
803 


1415 
1484 


1243 
1249 


122 


1603 
1621 
942 
922 
317 
1079 
2798 
459 
87 
1287 


1279 
129 
465 


1292 


1444 








JOURNAL OF CHEMICAL EDUCATION 





DECEMBER, 1928 








Sulfur. An Experiment for High 
Schools. . 

Srone, H. W. A ‘Lecture Demonstration 
of the Cottrell Precipitator.......... 

Srout, L. E. A Forcible Method of Em- 
phasizing heheretety Technic. . 

SuNIER, A. he Separation of Con- 
stant Boiling Mixtures: A Prob- 
lem for Students of Physical Chem- 
istry.. Mace ata ea ele eisie aes 

SuTTON, R. ate te E. Day anp—. 
Combining Weight of Copper........ 

SWIETOSLAWSKI, W. New Apparatus for 
Boiling-Point Determinations........ 


TARBELL, M. Chemistry Contests in the 
High Schools in California...... 
Taytor, J. E. A Second-Year Chem- 

istry Course for Colleges. . 
THORPE, J. One Hundred Years of 
Organic Synthesis. . ‘ 
TROVATTEN, G. M. C. ‘SNEED, GC. B. 
HEISIG, AND—-. A Modified Pro- 
cedure for the Analysis of Group III.. 


Veazey, W. R. Charles Frederick Ma- 
bery, A Pioneer.. 
VILBRANDT, | Pe ee Overhead Process Pip- 


ing in Chemical Laboratories 
VILBRANDT, F. C. Anp J. 

New Chemical 

Duct System.. 


T. DopBins. A 
a Fume 


Wane, F. B. More Scientific Education: 
Less Educational Measurement. . ; 
Wape, I. W. A System for Teaching 
the Substitution of Radicals in 
Organic Compounds. . 

A Topical Bibliography for the Ameri- 
can Chemical Society Prize =r 
Contest. . 

Construction | and Use of Models in 
Chemistry. . 

Wales, R. B. The Micro Burner for 
Use in Elementary Glass Working. . 
WALKE, E. J. E. Day anno—. An 

Inexpensive Desiccator. 

WaRREN, W. H. Contemporary “Recep- 
tion of Wé6ohler’s Discovery of the 
Synthesis of Urea. 

WasuHpurn, E. R. Lecture Demonstra- 
tions for General Chemistry. . 


WEAVER, E. C on for Siphoning 
Distasteful Liquids. . a 
WELLs, C. Chemical Warfare: A 


Course in the Study of Toxic Gases.. . 
Wenpt, G. L. The Cost of ponents 
Inferior Students in College. . stork 
West, C. J. anp C. Hutu. Doctorates in 
Chemistry Conferred by American 
Universities, 1927-1928. . : 
Support of Graduate Research in 
Chemistry in American Universi- 
ties, 1927-1928. 

The Fourth Census of the Graduate 
Research Students in Chemistry. . 

Wuirte, A. M. anv J. H. HopcEs. Note 
on the Purity of Effluent Gas from 
Simple Gas Generators.............. 

Waite, C. E. A Note on Starting Carboy 

iphons. . ; 

WIcKHAM, J. M. | The Relation of Chem- 
istry to Health and Disease. . 

Wises, L. A. The Value of the Lecture- 
Table Demonstration in the Teaching 
of Chemistry. . 

WILLARD, H. H. Objectives and. Content 
of the Introductory Course in Quanti- 
tative Analysis. . 

WILSON, H. R. The Teaching ‘of Chem- 
istry in a High-School Codédperative 
Industrial Course. . 

Wor, M. G. The Relation between the 





1129 
1001 
403 


1274 
447 
1591 


87 


1117 


738 


589 





189 


72 


202 
193 
478 
597 


595 
802 
791 


1109 








Degree of Intelligence and Success in 
the Study of Chemistry. . 
Woop, L. J. Discussion: 


"Analytical 
Symposium... 3 


Correspondence: 


Draves, C. Z. Further Question........ 

Evans, G. M. An Improved Hot-Wire 
Re Pe rr errr re 

FriepBurG, L. H. manag and Sim 
larity in Chemistry. . 

Haut, W. T. A Question “of Procedure. 


Hart, E. Stuffing the Goose........... 
HENWoop, A. ‘‘Deceptive Advertise- 
ments” 


MEBLIG, J. 'p. “The Perchlorate Method 
for Potassium. In Re pl 
MENSCHUTKIN, B. N. Medal Awarded 
Dr. J. Lawrence Smith. A Correc- 
tion.... 
MuHLEMAN, G. W. European and Amer- 
ican Methods in Education. Reply.. 
Papua, J. F. Vocational Information 
through Chemistry. . 
RAKESTRAW, N. W. The Bulletin Board. 
Rinse, J. European and American 
Methods in Education. . : 
SampeEy, J. R. Medal Awarded Dr. is 
Lawrence Smith. Reply. 
SMITH, . The Perchlorate Method 
for Potassium. A Criticism......... 
Strong, C. H. ‘‘The Reply Courteous’’ 
a. © R. K. An ane 7 to Dr. 
art. 


Abstracts: 


Apams, R. H. Wanted, New Bottles for 
Old Wine. . 

ALDERMAN, G. H. Failures among “Uni- 
versity Freshmen. . 

ALLTUCKER, M. A. Aiding “Adolescents 

to Interpret Life.. 

Education for Moral Growth. . 
AmMTHOR, F. Automatic Wash Bottle... 
ANDERSON, E. W. The Teaching Load 

of the gg in High School. 

ANDERSON, H., P. RAINEY AND—. Ex- 
periment ‘in ‘Classifying High-School 
Pupils on the Basis of Achievement. . 

ARMENTROUT, W. D. A Comparison of 
the Time Allotment of Subjects in 
Elementary Training Schools and in 
Elementary Public Schools. . 

ARMENTROUT, . W. FRAZIER 
AND—. Experiments in ‘Teachers 
College Administration: II. The 
Supervision of Instruction. 

ARMSTRONG, H. Sir James Dewar 
(1842-1923). 

ARNETT, T. To What Estent Should 
College Students Pay the Cost of 
Education?...... 

ARROWOOD, C. F. Permanent Member- 
ship in the Teaching Profession. 

ATHOLL, Tue DucueEss or. The Broaden- 
ing of the Outlook in Education..... 

Avery, S. a cegaeal for oui: 
Melting Points. . be 


BaEckstrom, S. A., N. F. Haut, M. A. 
JENSEN, AND—. A Simplified Method 
of epee Potentiometric Titra- 
tion 

BAER, nC BE. “Teaching the Scientific 
Attitude. . 

Baker, B. K. Objective Measurement of 
Teacher Traits. . ‘ ‘ 

BARBER, H. H. AND I. M.  KoLTHorr. “A 
Specific Reagent for the Rapid Gravi- 
metric Determination of Sodium..... 

Barcrort, J. Hemoglobin 

BARNETTE, M. R. Growth through Pro- 

femeional ACIVIUGIER.. «5.0 6.06.0 ti00 «0's 0. 





76 


480 
1499 


1672 
1340 


1497 


356 
759 


616 





362 
359 
621 
894 
1186 
1694 


366 
366 


1023 
1522 


1692 
1523 

364 
1683 


1519 
896 
488 


1020 
1190 








VoL. 5, No. 12 


AUTHOR INDEX 





BaxteR, G. P. Thirty-Fourth Annual 
Report of the Committee on Atomic 
Weights. Determinations Published 
during 1927.. vaeees 

BAXTER, G. P. AND AS G. BUTLER. A Re- 
vision of the Atomic Weight of Titan- 
ium. The Analysis of Titanium 
Tetrabromide.. 

Bear, F. E. The Second International 
Nitrogen Conference. . 

Bear, R. M. The Predictive Value of the 
Iowa Physics Aptitude Placement Test 

Beck, F. T. Suggestive Attributes of the 
Successful Teacher. . 

BENNETT, a gs A Growth through Read- 


We. Sewcccs 

Berry, E. R. Clear Fused ‘Quartz —Its 
Uses and Manufacture. . 

BEVERIDGE, J. H. Teachers’ Pensions. 

BLACKBURN, G. A. The Orientation of 
College Freshmen. . 

BLACKBURN, P. V. The “Theory ‘and Prac- 
tice of Pickling. . 

Bioom, M. E. Opportunity  Teaching— 
A Symposium. . 

Bouton, F. E. An Improved “Extraction 
Apparatus. . 

Book, W. F. Results. Obtained in a 
Special ‘ ‘How to Study” Course Given 
to College Students... 

Boucner, C. S. New Developments in 
the Colleges of Arts, Literature, and 
Science— University of Chicago 

Boynton, F. D. Improving Teachers in 
Service. . : 

Braco, W. Craftsmanship and Science. . 

BRaIDy, H. ‘he Science of Colloids and 
Its Applications. . 

BRANDENBURG, G. Cc, ‘H. H. RemMeERS 
AND—. Experimental Data on the 
Purdue Rating Scale for Instructors. 

BREED, F. S. Factors Contributing to 
Success in College Teaching. . 

BRENTHEL, ad and Articles Manu- 
factured by It. 

BropE, H. S. British Scientists Discuss 
Educational Problems. . 

ee A. Science Department “Meet- 


Raooan ‘R.S. | The Perfect Small House. 

Broom, M. E. Constancy of Scholastic 
Achievement in High School and 
College. . 

BROOME, E. C. ‘News from the Front. 

Brown, M. F. How One Food Manu- 
facturer Codéperates with Teachers. 

Brown, R. L. ann A. E. GaLLoway. 
Methanol from voheeved and Carbon 
Monoxide. . ay 

BRUECKNER, L. y. AND P. " CUTRIGHT. A 
Technic for Measuring the maeeiied 
of Supervision. . 

Bryan, W. L. The Trap of Habit. 

BURNHAM, W. H. Growth through 
Mental Hygiene. . 

BuTwer, A. Q., i A BAXTER ano A 
Revision of the Atomic Weight of 
Titanium. The Analysis of Titanium 
Tetrabromide. . 

But er, N. M. Teaching of the Sciences. 


Capy, H. P. Physical senna the 
Doorkeeper. . eres 

Cajyorr, F. Sir Isaac Newton on Gravi- 
tation. 5 

CAMERON, G. HH, ’R. ‘A. ‘MILLIKAN 4 AND—. 
Direct Evidence of Atom Building. . 

Cannon, R. K. Biochemistry—E nzymes. 
Biochemistry —The Vitamins. . 

CARPENTER, W. W. Certification Re- 
quirements of Teachers of Secondary 
School Science in Certain Southern 
and Border States.. 

Carr, F. H. Research ‘and Chemical 
Industry... ee 


CarRTER, T. M. A Standardized Mental 
Test versus an Unstandardized Eng- 
lish Test as a Means of Predicting Suc- 
cess in College English. . r P 

Cau, G. Allesandro Volta and His Times. 

Cuauuis, F. E. The Fluorescence Micro- 
EE CEL ee ARP On ae 

CHAMBERS, J. S., B. C. HENDRICKS AND—. 
Chemistry Teaching in Nebraska. 

Cuampuin, C. D. The Liberal E lement 

in Professional Education Courses. 
The Preferred College Professor 

CHAPMAN, H. B. Bureaus of Research 
and Statistics in State vine artments of 
Education. 4 a3 . 

CHAPPELL, E. E. “FL N. Sp LER. 
Inhibitors: Their Behavior in Lab- 
oratory and Plant. 

CHAPPELL, E. L., F. N. ‘SPE LLER, ’R. "Pp. 
RUSSEL AND—. Removal of Rust 
from Pipe avai by an Acid Sol- 
vent. 

CHARLESWORTH, H. What Is "Expected 
of the Modern Teacher?. .. 

CLARK, A. M._ Tri-Grouping at the James 
Madison High School. 

CLARK, E. P. Studies on Gossyp sol. 

CLotwortny, H.R.S. The Manufacture 
of Artificial Silk with Special Refer- 
ence to Viscose. . 

CiuTe, W. N. On Popularizing Chem- 
ISEFY es 2 ess 

COCHRANE, T. Ve ‘Insertion of | “Tight- 
Fitting Glass Tubing into Rubber 
Stoppers. . 

CoFFMAN, L. D. State Universities and 

Public Education. ..... 
The Social Measures of Education. 

ComFort, W. A Plea for Academic 
High Schools. . 

a A. H. The Riddle of Roentgen 

SVS... 

Conn, H. in AND S. I. KORNHAUSER. The 
History of Staining: Cochineal Dyes. 

Copper, F. L. Who Is a Good Teacher?. 

Correr, J. R. A Method of Determining 
the Absolute Zero of Temperature. .. 

Cox, P. The Changing Core- 
Curriculum. . 

CRABTREE, J. W. Constructive Tend- 

encies in Education. .. 
Salaries of College Instructors _ on 
Pre-War Basis. . 

Crew, H. What Group ‘of Sciences Does 
Sigma Xi Represent?. . 

Crist, J. W. Criticism of ‘Modern ‘Col- 
leges and Universities. . 

CRONK, A. “penee Study Helps in 
Exact Science. . 

Cronsuaw, C. T. i “The Seven Lamps 
of Chemical Enterprise....... 

Curtis, F. D. Y. McCiusky AND—. 
A Modified Form of the True-False 
: ey 

CUTRIGHT, P., tz, EE “BRUECKNER AND—. A 
Technic for nes the deeugionin 
of Supervision. . 


Dacy, G. F. High Temperatures Re- 
corded in Uncle Sam’s Test Fires... . 
DarteE, G. D. Socialistic Trend in Edu- 
cation..... Sakewaves 
Davis, B. E. 
Davis, C. B. 
Funnel. . 
Davis, T. bE. ‘Roger Bacon's Gunpowder 
and His Secret Wisdom. 
The Vicissitudes of Boerhaave’s 
Textbook of Chemistry. . Bee 
Davis, W., E. E. SLosson AND—. 
search Plus News-Gathering 
Decro.y, O. Freedom and Education. . 
Dent, F. J. An Automatic Mercury 
CN 6 5065.46.54. 65s Cewed cepnaqgenees 
Dent, H. C. Seeing Other Schools at 
WEN oo ccdkdaviccneunoessouessusese 


Teacher Rating. 
A Constant Flow Filter- 


225 
1522 


1683 
1689 
488 
624 
1693 


485 











1722 JouRNAL OF CHEMICAL EDUCATION DECEMBER, 1928 
DeEVorTo, B. Farewell to Pedagogy..... 229 Frazier, G. W. The Teacher’s Phil- 
Tools for the Intellectual Life....... 1693 osophy of Education..... 1027 
Dewey, J. The Manufacturers’ Asso- FRAZIER, G. W. anno W. D. ARMENTROUT. 
ciation and the Mage Schools....... 621 Experiments in Teachers College Ad- 
DIFFENBAUGH, W. Provisions for In- ministration: II. The sega 
dividual lg 1520 of Instruction. a 
DiLLaRD, J. H. Two Main Objectives in Frazier, G. W. AND J. 'D. HEILMAN. Ex- 
Teacher Training. . 623 periments in Teachers College Ad- 
Doan, R.L. Hide and Seek with ‘Radium. 489 ministration: III. Intelligence Tests 1023 
Dopps, L. V. Sunlight in Industry.. 892 Fries, A. A. iplodsaiaaiien of Chemical 
DoNnALD, J. R. Carbon Dioxide and Its Warfare..... 1520 
Manufacture in Canada............. 493 Frouta, V. K. ‘Education ‘and Public 
Dorsey, L. M. ens the Whole Morals. . . ; 483 
Nation. 621 The Future of Education. 482 
DouGLas, H. ‘R. Rating the “Teaching The New Education Bill. 764 
Effectiveness of College Instructors.. 1523 Fuuuer, A. T. The Secondary School. 767 
Downinc, E. R. Science in the New une 
Curriculum. . ; 9 
The E lements and ’ Safeguards * of o—. J. e ~ “But eee. - tati 892 
Scientific Thinking. . rt 763 ae a utanol Fermentation 1687 
Druce, J. G. Great Chemists and the . moe 
Development of ane 1689 GALLOWAY, A. E., R. L. BRowN AND—. 
M Qr= Methanol from Hydrogen and Carbon 
odern Alchemy. . 1355 Mantua 1687 
DunparR, R. E. A ‘Practical " Density sane GEISLER, oT inten. Pay Ra eS 624 
Demonstration. 5 
A Simple, E ficient Hydrogen Sulfide ‘a Gararp, R. |W. How Does a Nerve 763 
Generator. . 185 ~ ate 5 PEt 
SERMUTH, F. G. Oxidation ‘and Precipi- 
cue ‘Material for Science ies tation of Ferrous Compounds by 
Dunn, J. T A Curious Case of f Antimony 5 bensitenPit, The Preservation’ of _ 
Poisoning. . 1686 ia 1353 
GILDERSLEEVE, ve Cc. ’ Foreign Light | on 
9 
Eaton, T. H. Research and the Training ma ae te Rile. of the 234 
of the Researcher... . 1191 Amateur in Scientific Discovery. . 1693 
EckHarptT, C. C. Faculty " Self- Survey GuattreLp, J. W. E. Sir James Col- 
and the Improvement of College ? quhoun ines. 620 
Teaching..... 0.0.0 -+ 030s se esses eee 764 Goarp, A. K., E. NIGHTENGALE,—F. S. 
EcksTEIN, N. What the Citizen Expects Younc, AND H. E. Letters to 
from the Public School.............. 1026 the Editor. Shon ais 766 
Exuiot, C. W. The Cultivated Man. 1693 soop, C. V. The Math. and Science 
Eiwortny, R. T, The By-Product Fish Curricula in Junior and Senior High 
Industry in Canada. . 1190 Schogise cn cht er 7480 
EPPERSON, A. V The Pyrophosphate yoop, H. G. The Place of Professional 
Method for the Determination of Courses in the Liberal Arts College.. 1355 
Magnesium and Phosphoric An- sox GORTNER, R. A. To Specialize or Not to 
hydride..--... .. 625 Specialize—That Is the Question.... 619 
Esranrooxs, G. W. A System of Note- Gou.et, F. X. Selecting the Best Text- 
Taking. . . 364 Ragkae co eee eee mere 2100 
Whither Is the ‘College ‘Headed?..... 1026 SRAGEROFF, I. Explosives and ‘Their 
Event, E. Methods of Appointing U ni- Properties. . Ee ee by RD 
versity Teachers. . 764 GREENWALD, H. P. The Experimental 
Ewinc,S. Blue Laws for School Teachers 483 Mine of the United States Bureau of 
Mines.... a 
Fartta, G. Radium at the Memorial one ot Science and Andustry eee iene 
Hospital. . 231 College haneanion and Chemical Edu- 
Fasce, E. V. ‘Improved ‘Lighting Source cation. 226 
for Melting-Point Apparatus......... 363 Gross, P. L. K. AND E. M. Gross. Col 
Faunce, W. P. Democracy in Edu- lege yeoman and Chemical Educa- 
cation. 768 tio ELROD ENO LI ARR 226 
Fenton, N. An Objective ‘Study of Stu- Gomme. ‘B.C. The Chains of Prome- 
dent Honesty during Examinations. 225 thes ..... 231 
Fercuson, A. Graphical Methods in GRUENING, “RB. "he Most. Fascinating 
Teaching and in Research. 491 Chase on Earth.. a6 895 
Fietp, W. L. W. College E ntrance Re- 
quirements. . 1191 
FInEGAN, T. E. “An Experiment jn the Haas, A. The Atom as a Source of 
Development of Classroom Films. 623 NIE oo gos ara crea a tek ici crease sie 620 
The Simplified Calendar and the Haccerty, M. E. The Improvement of 
Schools. . ; <s 897 College raewrtis. 763 
Firmin, P. Synthetic ‘Ammonia. Risa 1521 HALDANE, J. Ss. Science and Ethics. . 895 
Fisu, F. Teachers’ Salaries............ 482 HAE, G. E. Tae and the Wealth of 
Fisu, F. H. A Buret Cleaner. . 1184 Nations. . Ay 230 
FLEMING, S. E. Retirement Fund Con- HALE, W. J. Wasted Millions. ..... 229 
ferences. . 765 Haui, N. F., M. A. JENSEN AND Sick 
The Retirement Fund Policy ‘of the BAECKSTROM. A Simplified Method 
W. E. A.. : 483 of Differential Potentiometric Titra- 
FLInn ANv INOUYE. Metalsin Our Foods. 1354 RN oe cero reer ae 
Francon, M., T. W. RICHARDS AND—. Haut, W. T. The Oxalate Method for 
The ‘Atomic Weight of Cesium...... 1518 Determining Calcium and Magnesium 1684 
Frank, J. O. The Need for Standards Hammonp, W. H. A Rapid Method for 
in Courses in Teaching of General the Detection of Zinc in the Presence 
Science... 766 of Iron. casleceue, nee 
FRAZIER, A. M. The : Taxpayer a and the Hayes, L. Should | ‘the Dull - Pupil Be 
628 Shelved?..... A mee 


Junior College. . 











VoL. 5, No. 12 


AUTHOR INDEX 





HepcEs, E. S. Liesegang Rings and 
Periodic Precipitation. 


HEILMAN, J. D., G. W. FRAZIER AND—. 


Experiments in Teachers College 
Administration: III. eeeanaaie 
Tests. . 

HEINEMANN, A. ‘E. ‘0. “‘OVERN, E. ILER, 


AND—. An’ Analysis of Textbooks 
in v4 Science. . 

Hersic, G. B Volumetric Determination 
of Ferrous Ion ad Means of Potassium 
Iodate.. 

HENDERSON, ‘A. B. 
Investment. ere Cee CU 

HENDRICKS, B. ome ‘Science Books in the 

High-School Library.............. 
The Chemist’s Faith in the Invisible. 

HENprRicks, B. C. AND J. S. CHAMBERS. 
Chemistry Teaching in Nebraska... . 

HENDRIKSEN, E. M., T. D. Woop ano—. 

hermometer and School....... 

HERING, D. W. Scientific Fantasies. 

HeEyL, P. R. What Is an Atom?.... 

Hicks, C. R._ Instruction in Institutions 
of Higher Learning. . 

HILLBRAND, E. K. Cheating i in 1 College. 

HinEs, H.C. The Honor System and the 
Normal Curve. . erecasniieae oe 

Hoac, L. E., J. PAPISH AND—. Quanti- 
tative Separation of Iron from Gallium 
by Means of conned Nitroso-Beta- 
Naphthol..... os 

Hosson, F., Oo. JONE S$ AND—. The 
“A” Tube—An seeaiatl ed Form of 
UP” FaRe.. +.5:2 

HOLLINGSWORTH, L. ‘Se 


Protecting Teachers’ 





Subse quent His- 


tory of E—: Ten Years after the 
Initial Report. . TE EES 
HouMEs, F.E. A Large- Capacity Labora- 


tory Extractor... Weld svarentrererde ears 
HoumeEs, H. N. The Place of Research 
SU ROIS vi veldencsncccscuec.wes 
HOoLMYARD, E. J. The History of Chem- 
istry Cae eee we 
Hout, i. “An “Adv enture in Common- 
Sense Education. 363, 
Hopkins, A. S. Research an Educational 
pO ee PERE 
Houston, A. W. ater Purification....... 


HvuBeER, E. Mongolian Distillation Ap- 
Pg Seen arian tee eerare ter ere 
Hupson, R. P. Preparation and Stand- 


ardization of Potassium Permanga- 
MERE SOMONE ik cine ee eee se ees 
HuME-RotuHery, W. The Classification 
of Metallic Substances............ 
The Metallic State. 
HuMPHREY, A. Opportuniti s in Summer 
Schools—1928. aes <ne's 
Hunt, G. A. Files as Glass es 
Hunter, F. Teaching esa Profession. . ; 
HUuRLBURT, B. B. Things I Have Learned 
during Ten Years of Teaching.. 











Hype, R. E. Waste in Professional E du- 
SS es bo ee eee ess 
Hyman, M. Buret-Reading Device...... 
ILER, E., AND A. HEINEMANN, O. E. 
OvERN—. An Analysis of Textbooks 
im Gemeval Seietite:..... 0.6.0. o.0-0ces00< 
INOUYE, FLINN AND—. Metals in Our 


Co) ee aaa 
Ir10nN,C. E. A ‘New Watch Glass... . 
IrRvINE, J. C. Influence of Chemistry on 

Civilization. Lecture I—The Chem- 


ist at the Breakfast Table........... 


Jackson, V. T. An Improved Gas 
Generator. . 

JENSEN, M. A., AND S. A. BAECKSTROM, 
N. F. Hatit—. A Simplified Method 


pi “apenas Potentiometric ‘Titra 


Je ae F. B. Scientific Education... .. 
Jounson, P. O. A Comparison of the 
Lecture-Demonstration, Group Lab- 





1354 


102: 


1190 


1020 
628 


490 


767 


1689 


367 


1518 
487 


365 
1516 
1026 
1355 
1355 


895 
1025 


1522 


1190 
1354 
1185 


1688 


1519 
1027 


oratory Experimentation, and _ In- 
dividual Laboratory Experimentation 


Methods of Teaching High-School 
Biology Pe ee eee ee 

JOHNSTON, ia “Willard Gibbs, an Appre- 
ciation. 


JOHNSTON, is B. The Junior and Senior 
Colleges in a College of Liberal Arts.. 
Jones, A. O. AND F. Hopson. The ‘‘A” 
Tube—An Improved Form of ‘‘U” 
WUE aes aren oc Cam cetera 
Jones, E. P. Reproducing Illustrations 
without a Camera.............. 
Jones, E. S. Faculty Advisers of 
dents and the Personnel Office 


Stu- 


Predictions from High-School Per- 
ormances. of ane 
JONES, G. AND B. B. “Kaptan. A New 


Equilibrator: A Device for the De- 
termination of the Distribution Ratio 


of a Volatile Solute between Two 
Miscible Solvents. Rice eeee 
Jupp, C. H. The Place of. Research ina 





Program of Curriculum Development. 


KapLan, B. B., G. JONES AND—. A New 
Equilibrator: A Device for the De- 
termination of the Distribution Ratio 
of a Volatile Solute between Two 
Miscible Solvents... . Geek a a Rate 

Karouyt, A. Hard W ood Tar and the 
Future of Wood Distillation....... 


Ketter, L The Radioactive Ele- 
pS Pe 

Kewiy, F. J. The ‘Training ‘of College 
Teachers..... Seca 


KENDALL, J. E dgar Fahs ‘Smith. as 
KETTLE, S. The Rapid Analysis of Mix- 
tures of Barium and Calcium Salts. 


Keyes, D. B. How It Is Done by the 
Chemist. AG.vie ewe dea e aie 

KING, E. J. AND C. C. Lucas. The Use of 
Picric Acid es an Artificial Standard 
in the Colorimetric Estimation of 
Silica. a: tale Riel aaeiy” oie: gqumpesd ane aie aietee 

Knox, W. W. The Demonstration 
Method versus the Laboratory 
Method of Teaching High-School 
CRAIN o.oo oss ces 


Knutson, K. J. Growth of Pension 
Movement in the United States..... 

Kov.tuorr, I. M. The Use of Pinachrom 
as a One-Color Indicator...... f 

Ko.tuorr, I. M., H. H. BARBER AND—. 
A Specific Reagent for the Rapid 
Gravimetric Determination of Sodium 

KORNHAUSER, S. I., H. CONN AND—. 
The rope of Staining: Cochineal 
Dyes. 

Kriscue, P. The Life and Work of f Justus 
von Liebig. . 


Lainc, G. J. The Function of the Uni- 
WOSGIEM coc hacuus ap eee wecesecceade 

LANGMUIR, I. Atomic vga as an 
Aid to Industrial Research. re 

LAskI, H. Foundations, U niv ersities 
and Research. 

LAWALL, C. H. The Romance of ‘Cookery 

L&E, B. Some Faults Common in Informal 
Objective Tests Made by High-School 
Teachers. . 


LEFFMANN, H. anDL. W. Strrock. Sodium 
MEQ oes bat oad Lie eee man aed 

LEONARD, W. F. The Profession of 
WOMGIMOM D2 5 nie cn ae ao eee een eee 

LeRoy, R. H. Teaching the Periodic 
Classification of Elements. 

LESTER, Cc. What Is W rong with 


Education?. 
LETCHER, O. W ‘orld’s ‘Deepest Mine. 
Lewis, W. M. Teaching Teachers. : 
as a Pro- 


LimBacH, R. W. Teaching 
ee eee wee sesseceseees 
Lioyp, J. T. Sponge. Its History in 


1690 
620 


225 


487 
1020 
492 
896 


1020 


1020 
1025 
1190 


360 
1191 


1189 


487 
624 
1020 


1020 


1686 
1689 


893 
626 
1523 
1353 
1023 
1686 
482 
489 





1724 


JouRNAL OF CHEMICAL EpucaTION 


DECEMBER, 





1928 





Medicine with a Brief Account of Its 
Habit and Structure. . 

LOCKEMANN, G._ Ernst Beckmann (1853- 
BI cicissaie. 0 i015: 

Lockuart, A. V. 
Education. 

LopcE, G. Classical ‘Origins ‘of. Scientific 
Terms.. 

LopGE, O. ‘The Nature of Matter, and Tts 
Relation to the Ether of Space....... 

LOMBARD, V. Experimental Researches 
upon the Diffusion of Hydrogen 
through Nickel. 

LOowE.L, A. L. The Relation of Second- 
ary Schools to Colleges... ...763, 896, 

Lucas, C. C., E. J. Kinc anp—. The Use 
of Picric Acid as an Artificial Stand- 
ard in the Colorimetric Estimation of 
Silica. ane 

LUCKEY, G. W. A. 
Education. Secter eee srieviele ree sh 6ifAL% 

Lunt, J. R. The Science of Common 

RE ee mere ree nar 


‘Examinations | ‘and 


“A World Bureau of 





Mann, F. G. The Cambridge University 
Chemical Laboratory...... 
Mark, M. Methods—or the 
Method?..... 
MARSHALL, A. E. ‘Applications of Glass to 
the Chemical and Allied Industries. . 
Marvin, F. S. The Restoration of Science 
MatTIGNON, C. Jean-Baptiste Dumas.... 
Mau.ui, M. R. Review of ‘‘Educational 
Measurements’’.. a 
MAXWELL, P. A. Clerks for Teachers... 
Mayer, J. America’s Influence on the 
Development of the Sciences........ 
Mayuew, E. Pharmacy in Relation to 
MMII ce 5, sure x oe clstaik ss ois a eratigu RG cavers 
MaynarpD, K. Description des Expéri- 
ences de la Machine Aéréstatique. 
McCay, L. W. A New Method for inet 
arating Arsenic from Antimony. . 
McC.uusky, H. Y. ano F. D. Cu RTIS. A 
Modified Form of the True-False 
McDaniEL, W. B. Water-Tight 
partments of Education............ 
McDowa.., F. H. Notes on Vacuum 
Distillation in the Laboratory. . 
McGit, M. V. The Iron and Steel In- 
dustry of Ohio. 
McHEnry, M. G. 
Board. . 
McNases, Ww.M. A Comparison ‘of Two 
Methods Used in Determining Phos- 
phorus Pentoxide eas Magnesium 
Ammonium Phosphate... . 
MeVey, F. L. Who Should Go to Col- 
lege?. . 
MEIER, Va Health 
Textbooks... Se RMN ate Ade aa Ook 
MERSEREAU, E. BA Study of the Re- 
lationship of Scholastic Maturity and 
Scholarship as Shown by College 


Spirit of 


Com- 


pre Cork and Stopper 


“Material in Science 





0 SAS Sea ene 
Merritt, D. Learned Men and Scientists 
Metca.tF, M. M. Discipline in College. . 

Research in Colleges. .............. 
MEYER, J. D. The N. E. A. at Minne- 

apolis. . +o rere 
MILBAUER, Te ‘Ignace ‘Moscicki, President 

of the Polish Republic, as Tech- 

EO Ore 
MILLER, E. C. L. Wanted—A Word to 

Replace ‘‘Believe”’ 


Miutuier, G. F. An E xperiment al Test 
of Intellectual Honesty. . 
Muise, KR. C., FT. G. THOMPSON AND—. 
Apparatus for the Micro-Determina- 
tion of Dissolved Oxygen........... 
MILLER, W. W. A Democratic eet 
ment in Education. . Pes 
MILLIKAN, Available. E nergy. OO 
MILLIKAN, R. A. AND G. H. CAMERON. 





Direct Evidence of Atom Building. . 


1354 
1522 
1358 
367 
491 


1686 
1023 


230 
896 
763 
1687 
1184 


1690 


1522 


892 


MINER, C. Furfural: The History of 
an Sa Research. . 

Monanay, A. C. The High- School Science 
Problem. 

Moopy, A. H. 
cantation. ede 

Moorg, C. H. “The Reading Periods. .. 

MorcGan, J. E. A Catechism on the New 
Educational Bill... 

Mou tron, A. B. Patents and the Chem- 


"A Beaker Rack for De- 


TAG oeieaie 
MULLIN, C. E. An ‘American Impression 


of I. G. Plants.. car 
Munro, W. B. Quack- ‘Doctoring the 
Colleges... ee 
Myers, G. C. Teaching from the Black- 
Re ee ih Ae eRe eens i 


NATHANSON, J. B. The Boiling Point and 
the ment Heat of Vaporization of 
Water. 

NEss, A. B. Student 
High School. 

NEWELL, L. C. Count ‘Rumford—Scien- 
tist and Philanthropist. . econ 

NIGHTENGALE, E., A. K. Goarp, F. S. 
Younc anv H. E. A. Letters to the 
Editor. . Sceee atone Cota exon 

Nog, A. C. "The Use of Charts in the 
Natural Sciences. 

Norron, J. : Teachers’ 

Present Position. 

The Future. . 

A Constructive Program. . 
Teachers’ Salary Trends since “1913... 


Government in 


" Salaries— 


Norwoop, C. Education: The Next 
Steps. . kh aR hs Ra ie tk a 
NoyEs, W. A. Samuel Wilson Parr— 


the Society’s President for 1928...... 
NOYEs, JR., W. A. Svante August Arrhe- 
nius, 1859-1927... 
The  eeaapaenadie of Quantitative / Anal- 
SAR at 


OpE.LL, C. W. Scales for Rating Pupils’ 
Answers to Nine Types of Thought 
Questions in General Science. 623, 767, 


O'SHEA, W. Teaching the Art of 
a Re aaa PPO AER UREN Me BTR EU 
OverRN, O. E., E. ILER, AND A. HEINE- 
MANN. An Sane of Textbooks in 


: yeneral Science. ak waved alee Rae 
Owen, E., L. J. W OOD AND—. Labora- 
tory Unknowns in General Chemistry. 


PANGANIBAN, E. H. ano F. A. SOLIVEN. 
A Modified Confirmatory Test for 
PRUTINTENUE Son. s sic teceet < Sic echt llecep ehai side ti 

PapisH, J. ANnDL. E. HoAG. Quantitative 
Separation of Iron from Gallium by 
Means of Alpha-Nitroso-Beta-Naph- 
Lc ERY SMD ae  yoeee ¥aA 

PaRKER, H. C. New Indicating Equip- 
ment for Industrial pH Measurements 

PARR, S. W. Chemistry and the Amer- 
ican Chemical Society. . 

PaTERSON, D. Johann Rudolph ‘Glauber. 

Patrick, J. The Inner Structure of the 

‘ie dias’ kX tie 

“Art of Soap Manu- 

The 


Penny, T. The 
facture....... 
PERRINE, J. O. 
Scientist. pratt Wud Weer eae ere ae seeUsreer ete 
Perry, W. M. True-False Tests—Suc- 
cess or Failure. . ae Racec eee y 
Pataers, ¢€. #. Teaching ’ Freshman 
Chemistry to Agricultural Students. 
PETERSON, J. O. Sound Retirement... . 
Puituirs, F. M. Statistical Survey of 
Education. oe Oret S iey ere 
Puiuures, M. J. W. The Aims and Meth- 
@ds of Science Teaching in the Suc- 
cessive Stages of the Secondary School 
PLANK, M. Hendrik Antoon Lorentz.... 


Fun of Being a 





621 
1353 


1184 
229 


482 
1686 
1687 
1693 
1684 


1189 


1189 
104 


1190 
489 


1519 


1518 
1687 


1689 
230 


1353 
365 
766 

1191 
104 


1021 
1192 


1519 


1021 
1689 








Vou. 5, No. 12 


AUTHOR INDEX 





PorTeR, L. C. anD A.C. Ray. Balloons— 
Balloons. . 

Pounp, R. The Abdication of Reason. 

POWERS, E. B. Simple Apparatus for 
Use in Colorimetric Titration. ‘ 

Powers, S. . Technical Terminology 
of Textbooks in Secondary School 
Science........... 

PRITCHARD, D. A. 
Progress of the 
dustry... PP en ee ee ee re 

Pruirr, C. ‘M. Aim and Content of 

Chemistry Laboratory Manuals... 

Elementary Science in English and 
American Schools. . 3 

Objective Measurement ‘in 
Science. 

Status of General Science as Revealed 
— State and nai Courses of 
Study.. 

Pucu, D. B. “Comparison of Lecture- 
Demonstration and Individual Lab- 
oratory Methods of seeds Chem- 
istry Experiments. . ; Same 


Development and 
Alkali-Chlorine In- 


General 


Quam, G. N. A Glass Stopper Remover 
A Mechanical Agitator. . : 
Squaring the Ends of G lass Tubing. 

Quicc, B. F. ro in the High 
School. Do uae Be aes 


Rainey, H. P. anp H. ANDERSON. Ex- 
periment in Classifying High-School 
Pupils on the Basis of Achievement. . 

RANDALL, O. E. Enlistment and Training 
of College Teachers. . ; : 

Ray, A: C., C. PorTER AND—.  Bal- 


loons—Balloons. . z 
REED, D. A. A National Necessity... . owe 


The New Education Bill.. Pigs 

REED, J. Chemistry asa Career......... 

Teaching of Research in Organic 
Chemistry.. cmt 

REED, R. D. Research. . peters 

REED, R. D. ann J. R. WIrtHRow. Zir- 
conium Sulfate as a Reagent for the 
Detection of Potassium. 

REEVES, F. W. Cost of College "Educa- 
tion.... ae 

REMMERS, “H. H. anp G. C. BRanpEn- 
BURG. Experimental Data on the 
Purdue Rating Scale for Instructors. 

Ricuarps, O. W. A Rapid Method for 
Determining Colorimetrically the pH 
of Small Amounts of Solutions... . 

Ricwarps, T. W. AND M. FRANCON. The 
Atomic Weight of Cesium........... 

Roserts, H. M. ano G. M. Rucu. Minor 
Studies on Objective Examination 
Methods. I. The Negative Sugges- 
tion Effect of True-False Tests. .... 

Roserts, S. G. — Metal Forms 
Protective Coatin 

RoBINSON, J. H. Teaching Children Self- 
Reliance. . P 

ROEMER, J. The Weaknesses ‘of ‘the Small 
High School. 

RoceErs, E. H. Counteracting Influences 
in Moral Instruction. ‘ 

Rosse, R. E. The Evolution of Industry 
as Related to the Evolution of Scien- 
tific Knowledge. me 

Rortn, C. F. Ellwood Hendrick. . : 

Rucu, G. M., M. ROBERTS» AND—. 
Minor Stiles on Objective Exami- 
nation Methods. I. The Negative 
Suggestion Effect of True-False 

WON het becca te eae ee se Cees bes 

RupMAN, B. Ceeepeaaartam in ame 
Education. satit we 

RUSSELL, R. P., 'F. N. “SPELL E R, R. o> 
CHAPPELL AND—. Removal of Rust 
from Pipe Systems by an Acid Solvent 

RussEtu, S. The Deficiency of English 
Units of Measure and Weights for 
Scientific and Technical Uses........ 


1520 
484 


366 
894 
1520 


1689 
233 
482 

1353 
894 


RUTENBER, C. The Relation of Chem- 
istry to National Defense...... a 

RUTHERFORD, E. Radioactive Nuclei. 

RUTLEDGE, R. E. Teacher Participation 
in Curriculum Research. . — 


SanpDERS, W. F. Supervision of Instruc- 
tion in 7, Education... .. 
SANGER, W. T. A Shift of Emphasis in 
Higher E ducation. 
Saxon, R. Scientific Method Training i in 
Schools and Colleges... .. 2 
ScuapDE, J. W. Rubber in Engineering. . 
Seennaaicune H. I. The George Herbert 
Jones laa at the baaiinenpiied 
of Chicago. . 
ScHNEIDER, B. B. Secret Processes. . 
SCHOFIELD, R. K. Physical Chemistry — 
Gaseous Explosions............... 
The Electronic Theory of Valency.. 
SCHOLLENBERGER, C. J. A Convenient 
Wash Bottle. 

Tenth- ha Sodium ‘Hy ‘droxide. 
Scuurtz, F. Our Search for Chloro- 
phyl and a the Vitamins....... 
Scott, W. M. Roviesine Ion Concen- 

tration. oe eueae re 
Vat Colors. . - 
Serinis, N. S. A Non- Spattering Semi- 
Automatic Wash Bottle. . 
SHaw, C. N. An Improvised. 
micrographic Apparatus. ae 
Solvent Economy in Extraction Ww ‘ork. 
Sueap, A. C. Alkali Earth Metals in 
Saccharate Solution and Their Use 
in Alkalimetry... 
SHEPPARD, oO. E. “Alchemy — — Past, 
Present, and Future . ; - 
SHERRILL, M. Counting Molecules. : 
SHowaLTER, N. D. The Evolution of 
ie a in School Service. 

SINCLAIR, J. What Place Have Edu- 
cational ‘Conan in a Liberal Arts 
College?.... 

SKERRETT, R. c. 
stone Industry. . atria’ 

Stosson, E. E. AND W. Davis. 
Plus News-Gathering. . ae 

SMALLWOOD, H. M. Anp H. C. Urey. An 
Attempt to Prepare Triatomic Hy- 
CO A er er 

SmirH, L. W. The Significance 
Junior College Movement. 

SNYDER, M. ig ge Education. . 

SoLivEN, F. A., H. PANGANIBAN AND—. 
A hModificd” “Confirmatory Test for 
ie 

Sourn, E. Some Psy chological Aspects 
of Sucuee Work 

SPELLER, F. N. anv E. L. “CHAPPELL. In- 
hibitors: Their Behavior in Labo- 
ratory and om) oy 

SPELLER, F. N., F ES CHAPPELL "AND R. 
P. RUSSEL. ‘Removal of Rust from 
Pipe Systems by an Acid Solvent. 

SPENCER, J. F. The Position of the Ele- 
ments of the Rare Earths in the 
Periodic System. 

SPENCER, M. L. The Pathfinder in ’ the 
Wilderness... . 

SPuRRIER, H. Cover Supports for Peak- 
ers and Dishes. . 

SpurRiINn, H. The Dripless Wash Bottle. 

STouFFER, D. J. White Pine Blister Rust 
in Michigan. . 

Stover, N. C. Diphenylearbazide < asa 
Test for Chromium 

STRAYER, G. D. School 
GUM NOE cece tae nasi ave bos 

STRECKER, M. B. Sidelights and Im- 
pressions of the World Federation of 
Education Associations...........-+ 

LEFFMANN 


’ Photo- 


Indiana’s Great Lime- 


Research 


“of the 


Administration 


Strrock, L. W., H. 
Sodium Alum. ayes 

Stroup, F. P. The Rare Elements. i 

Stupss, M, F. The Place and Problems 


1686 
1354 








JOURNAL OF CHEMICAL EDUCATION 





DECEMBER, 1928 














of Chemistry in the High-School 
ee. ae 
SuzzaLLo, H. A Declaration of Inde- 
pendence for Public Education. . 105, 
Swann, W. F. G. Three Centuries of 
Natural Philosophy. sfaneeetcre 





TayLor, J. N. The 
thetic Plastics... . 
TempLe, G. Utilizing ‘Waste. .. 
TERMAN, L. M. Growth through 
fessional Reading. . sue 
THayverR, V. T. The U niversity as a 
Training School for College and 
University Teachers................ 
Tuompson, T. G. AND R. C. MILLER. 
Apparatus for the Micro-Determina- 
tion of Dissolved Oxygen........... 
THORNDIKE, E. L. The Testing Move- 
ment in the Light of Recent Research. 
Tuwinc, C. F. The Influence of German 
Universities over the American in 
the Last Hundred Years............ 
TILDSLEY, J. L. Better Teaching in 
High Schools... .. 


Outlook for seal 


Pro- 





TRIVEL! ui, A. P. H. A New Vacuum Stop- 
‘Twine. D. ‘F. Sulfur in Rubber Manu- 
facture..... lone bt ioe 
Urey, H. C., H. M. SMALLWOOD AND—. 
An Attempt to Prepare Triatomic 


DIR rs x's sea 6 we ee eins 


Chemical Education in 


WGEHSC........5..5 


VacHoN, A. 


VanpEvoort, A. M. The Teaching of 
Science in Normal Schools and 


ERMEEPR OGUBEOR. 6c isin boo. aos 
VANNORSDALL, H. H. Science in Educa- 
tion. : 
vivian, A. C. 
Vivian, C. H._ Ice 
Ice of Nature’s pentane to 
Countries’’)... 
Making Ammonia from. Ty wo Te ‘ommon 
Gaseous Elements.... icon bs 
VoLTERRA, V. In Memory of H. A. Lo- 
rane aa st ee ee 


Beryllium: “A Surv ey. ae 
(‘‘When Ships Carried 
Distant 


Wakenam, G. ‘‘Education’’ and the 


College vga 2 ae 
WALKER, H. Making "Mz aple Sugar. 
WaLkKER, H. Ww. A Brief Resumé of the 

Chemical Warfare Service Boll Weevil 

Investigation. ; 

WALKER, J. Arrhenius Memorial E ecture. 
WALL, E. J. Practical Digest of the 
Year’s Work in Photography. .. 
Water, C. M. The Heat Tre: itment of 

Ferrous Metals.... 

WARREN, R. K.  Purer, ‘Whiter Salt. 
Watson, H. H._ Industrial Applications 
of the Electric Furnace... 
Watson, J. A. Chemistry— ‘The 
of the Lamp. 
Wess, H. A. The 

Library for 1928. 


Slave 


‘High-School “Science 








WeEsBErs, A. Some Round Table Ques- 
Hons. ..; ware bates 
WE Ks, A. D. ‘Another Degree?.. Rates 
set, H. S. A Silent but Forceful In- 
ig” eae NOT MS el 
WEstT, E. vigenenan Laboratory Con- 
keg 


WHITAKER, - ‘M. C. Edward Granville 
Nellis. An Appreciation... .. 

Wuirr, E. C. An Apparatus for Con- 
tinuous Gas Analysis.... : 

WHITEHEAD, A. N. U niversities 
Their Functions..... 

Wuitney, W. R. Unity in "Research. 

WiLkins, E. H. College Teaching. 

WILLAMAN, ei » The Race for Sweet- 


‘and 





ness. 


489 
234 
766 
1687 
491 


893 





233 


483 








Wi.uiams, J. T. The New College De- 
gree—Rachelor of Citizenship. . 
Wituiams, S. R. Strategical Periods for 
the Encouragement of Research Stu- 
OIE os chs aces vo ensciirele sce eee aTuieece TTS 
WILson, F. P., Jk. Application of Oxygen 
and aE ll to Industrial Opera- 
tions. Part VI. Hydrogen, Nitro- 
gen, and wee Electric Furnace....... 
WILSON, J. Shall I Take Up Chem- 
istry? Be ee 
WIL —* L. L. W. A Method of Training 
Teachers in Service, the Dalton 
Laboratory Plan. un 
Freedom in E ducation. Sa 
The New Education in Russia. Me 
WIsEMAN, C. R. Methods of College 
WIR eo can oe ca es 2 
WitTHrRow, J. R., R. D. REED AND—. ‘Zir- 
conium Sulfate as a Reagent for the 
Detection of Potassium. ‘ 
Wo corr, J. G. Spontaneous Generation 
under the Imperium...... 
Woop, L. J. anv S. E. OWEN. Laboratory 
Unknowns in General Chemistry. . 
Woop, T. D. anv E. M. HENDRIKSEN. 
The Thermometer and School. ; 
Woopy, C. The Value of Educational 
Research to the Classroom Teacher. . 
Worcester, D. A. A Source of Waste in 
the Professional Training of Teachers. 


Younc, F. S., E. NIGHTENGALE, A. K. 
GoOarb, AND H. E. A. Letters to 
the Editor. . antec eehadeaiuete 
ZELLNER, H. Preservative venuaanennd in 
Germany. ; 
Zyve, D. L. 'E xperimental_ 


Schools sin 
Soviet Russia. ee 


Books Reviewed: 


Apams, R. AND J. R. JOHNSON. Ele- 
mentary Laboratory vemminncen in 
Organic Chemistry. ee 

ADKINS, H. AND S. M. McELVAIN. Ele- 
mentary Organic Chemistry. . 

ALLEN, C. M. Exercises in General 


Chemistry. 
Quantitative Che mical ‘Ani alysis 





ARMSTRONG, H. E. Essays on the Art 

and Principles of Chemistry......... 
ARNETT, T. Teachers’ Salaries.......... 
Banks, G. B., A. T. LINCOLN AND—. 


General C hemistry. 

Bitz, H. ano W.  L; abor: itory. Methods 
of Inorganic Chemistry... ... 

BLANCHARD, W. An Introduction to 
General Chemistry. ; eras 

Biocu, E. Thermionic Phenomena ecient 

Bopansky, M. Introduction to Physio- 
Haat COIS EE Goo sa sree aiera et ees 

Bopansky, M. AND M. S. Fay. Labora- 
~— Manual of Physiological Chem- 
istr ss 

ig F. E. 
it.) RARE arene ar exeet 

Buay, W. C., A. A. Noyes AND A 
System of Qualitative —" for the 
Rare Elements.... 

BRAYTON, H. R., C. C. HEpcE S$ AND—. 
Laboratory Manual of Inorganic 
Chemistry and Elementary ee 
ig Analysis. 5 ; 

BRUCE, H. High- School Chemistry. . 
piel Manual of High-School 

Chemistry. . 

BuTLeER, J. A. V. ‘The Chemical E lements 

and Their Compounds. . ‘ 


Sir Isaac Newton "1727- 


CLarK, W. M. The Determination of 
Hydrogen Ions. . Weis 








1692 


1693 


1687 
1025 


1192 2 
492 
1691 


1020 
493 
489 
367 
360 

1357 





1200 
1531 


1201 
632 


1199 


1199 
901 


109 


241 
1530 


1711 
113 


1362 





Vor. 5, No. 12 


AUTHOR INDEX 





ConeEN, J. B. Organic Chemistry for 
Advanced Students. Three volumes. 

Conant, J. Organic Chemistry...... 

Cook, C. G. New-Type Questions in 
Chemistry.. 

Craic, G. S. Certain “Techniques ‘Used 
in Developing a Course of Study in 
Science for the Horace Mann Ele- 
mentary School. . 

Tentative Course of ‘Study in. Ele- 
mentary Science.... 

CROCKER, J. C. AND F. MarttueEws. 

Theoretical and hen cepenieie _— 
ical Chemistry. . end 


DaNIELs, F. Mathematical Preparation 
for Physical Chemistry. . 

Darrow, F. L. The Story of Chemistry. 

Davis, T. L., L. C. NEWELL AND—. 
ble New E ew’ Chemists. 

Druce, J. G. F. A Brief Outline of the 
History of Me, : 


Eppy, W. H. Nutrition. ase 
Epwarps, J. D., Cc. “FRARY, eS 
TAYLOR AND—. Laboratory Glass 
Blowing. . OE ee SA ree ee were 
ENGELDER, (om A ‘A Textbook of Ele- 


mentary Qualitative Analysis... 
_— Coal- Tar 


Everest, A. E. The 
Hydrocarbons...... 


Fay, M.S., M. BopANSKy AND—. Labora- 

tory Manu. 1 of Physiological Chem- 
istry 

Fumeay, A. The Phase Rule and Its 
Application. . 

FRANCE, W. G., B 
Laboratory Manual 
Physical Chemistry. . 

Franny, FP, C., C. S. TAYLOR AND 
EDWARDS. Laboratory Glass Blow- 


Mack, te “AND—. 
of E lementary 
J; D: 


GomBERG, M. Radicals in Chemistry, 
ee OE Pe oc see nS ioxeewas 


Haas, P. ano T. G. Hm. An Intro- 
duction to the een of Plant 
Products. Vol. I. 

HeEatTion, L. Mellon 
dustrial Research 
Series. First neunneiene to 
We Bones. 

HeEpGEs, C. "e. 


“Institute of In- 
Bibliographic 
bull. 
“AND H. R. BRAYTON. 
Laboratory Manual of Inorganic 
Chemistry and eoneneenid Quali- 
tative Analysis. . he ie hte 
Hus, A. VW. Muscular “Movement in 
Man: The Factors Governing Speed 
and Recovery from Fatigue......... 
Hit, T. G., P. Haas anp—. An Intro- 
duction to the \ cocpeeiinie of Plant 
Products. Vol. Re 

Hopeman, C. D. ths N. A. ‘LANGE. 
Handbook of Chemistry and Physics. 

Houtmes, H. N. Laboratory Manual of 
Colloid Chemistry. . 

HOuMyYARD, E. J. AND D. C. "MANDEVILLE. 
Avicennae de Congelatione et Con- 
glutinatione Lapidum 

HOMERBERG, V. O., R.S. WILLIAMS AND—. 
Principles of Metallography. . 

Hunter, A. Creatine and Creatinine. 
(Monographs on Biochemistry). . 


B. J. Rivett anv O. Tat- 


IRwIN, F. C., 
Beginning nee and Its 


LOCK. 
Uses.. 


Jette, E. R. Oxidation-Reduction Re- 
actions in Inorganic Chemistry. . 

Jounson, J. R., R. ADAMS AND—. Ele- 
mentary Laboratory pene in 
Organic Chemistry. . we 


1527 
1364 
241 
1362 
903 
903 
373 


1199 


499 


1708 


903 


1204 


Kaye, G. W. C. ano T. H. Lasy. Tables 
of Physical and Chemical Constants 
and Some Mathematical Functions. . 

KENNELLY, A. E. Vestiges of Pre- Metric 
Weights and Measures Persisting in 
Metric-System Europe, 1926- 1927... 

Kosset, A. The Protamines and His- 
tones we ‘ <nee 


Lasy, T. H., G. W. C. Kaye anp—. 
Tables of Physical and Chemical 
Constants and Some Mathematical 
Functions. . Pree eee et ee eee 

LANGE, N. A., . D. Hopeman AND—. 
Handbook of Chemistry and Physics. 

Lewis, E. 1. The Making of a Chemical, 
a Guide to Works Practice. ......... 

Lewis, W. K., W. H. WALKER, —AND 
W. H. McApams. vabeeeees of 
Chemical Engineering. 

LINCOLN, A. T. AND G. B. BANKS. 
Ghenlisteee oc oe re 


Mack, E., JR., AND W. G. FRANCE. Lab- 
oratory Manual of Elementary Phys- 
ical CREMUSING..... «<6. ce cces cece nae 

MANDEVILLE, D. C., E. J. Houmyarp 
AND—. Avicennae de Congelatione 
et Conglutinatione Lapidum. . a 

MATTHEWS, *. CROCKER AND—. 
Theoretical and E Riper Phys- 
ical Chemistry. . 

Marriott, W. McK. Recent Advances 
in Chemistry in Relation to Medical 
WRUGRCO eS cuca vanes 

McApams, W. H., W. H. 

c LEWIS AND—. 
Chemical Engineering. . 

McCurcHEon, T. P. AND H. 
eral Chemistry. . eee 

McE-vain, S. M., ‘H. ADKINS AND—. 
Elementary Organic Chemistry. 

Monroe, W. S. Ten Years of Educa- 
tional Research, 1918-1927 


General 


WALKER, W. 
Princi = of 


SEL TZ. ‘Gen- 


Naoum, P. Nitroglycerine and Nitro- 
glycerine Explosives. 

NEWELL, L. C. AND T. L. Davis. 
New England Chemists. . Pt ae tes 

Noyes, A. A. AND W. C. Bray. A Sys- 
tem of Qualitative ——_ for the 
Rare Elements. . Satiecemele ase 


Notable 


OvELL, C. W. Traditional Examinations 
atid: New-Type Feats: .0 5 cece ccces 


PANETH, F. Radio-Elements as_ Indi- 
cators and Other Selected Topics in 
Inorganic Chemistry 


RAKESTRAW, N. W. Outline of the His- 
tory of Chemistry. . 

Rick, F. O. The Mechanism of Homo- 
geneous Organic Reactions from the 
Physical-Chemical Standpoint....... 

RIEGEL, E. R. Industrial Chemistry... . 

Rivett, B. J., F. C. IRw1n—Anp O. Tat- 
LocK. Beginning Chemistry and Its 

Rocrers, L. A. AND ASSOCIATES. Funda- 
mentals of Dairy Science........... 


Sansum, W. D. The Normal Diet 
Seitz, H., T. P. McCuTcHEON AND—. 
General Chemistry... .. .2...5ssccee. 
SHEARCROFT, W. F. F. Qualitative Anal- 
ysis. 
SIpcwicK, ‘NL V. 
of Valency. . Paracas 
SILVERMAN, A. “Study " Questions 
Problems in Inorganic Chemistry. . 
STANNARD, J. E. Chemistry. . 
Stark, J. Atomstruktur 
bindung. . ee Ree epee 
STEEL, M. Physical Chemistry and 
Biophysics for Students of Reve 
and Medicine. . 


"The Electronic “Theory 
and 


und Atom- 


1034 
241 
242 





1728 JOURNAL OF CHEMICAL EDUCATION 





Stewart, A. W. Recent Advances in 
Organic Chemistry. Vol. I and II... 


TaTLock, O., F. C. Irwin, B. J. Rivettr 
AND—. nea oemneneiaie and 
Its Uses.. is : 

TayLor, C. Ss “AND re D. Epwarps, 
F.C. Frary—. Laboratory Glass 
Blowing..... 

TaAyLor, W. A. The AB Cc of. f Hydrogen- 
Ion Control. 


Yor, J. H. Photometric Chemical Anal- 
ysis. Vol. I. Colorimetry......... 


WALKER, W. H., W. K. Lewis ann W. H. 
McApams. cee of Chemical 
Engineering. . 

WarRE, J. C. Essentials of Qualitative 
Chemical Analysis. . 

WEISER, H. B. Colloid ‘Symposium 
Monograph... . Srna vara 

Wer, Cc: 5. Annual Survey of American 
Chemistry. Volume II. July 1, 
1926-July 1, 1927.. 

Wuite, W. P. The Modern Calorimeter. 

WiuuraMs, R. S. AND V. O. HOMERBERG. 
Principles of Metallography. 

Wise, L. E. Chemical Treasures of the 
Forest. Rare vitae tees 





DECEMBER, 1928 


SUBJECT INDEX 


Journal of Chemical Education 


Volume 5, 1928 


Articles: 


A. © 8 The Institute of Chemistry of 
A Gus Institute of ‘Chemistry, ‘the 


D. 
Acids, ‘hasen, ‘and Salts, ‘A General Defini- 
—_ 4s . Cady and H. M. 


Els 

PP | ‘and Graduate. Work i in ’ Analyti- 
cal Chemistry. C. W. Foulk 

Discussion. S. Popoff.. 

Advertisements, inane —. 
son. 

Agricultural Biochemistry Building ‘at the 
University of Minnesota, A Note on 
the—. R.A. Gortner.. 

aa ig The Relation of Chemistry to 

ae. 

Air, A dears’ ‘of ‘the Pyrogallol 

Method for Determining the Amount 

of Oxygen in the—. . A. Munro.... 

Alchemists, The Street of the—. H. N. 
Holmes. . PEELE ye ore 

Alchemy, A Night i in RD. Billinger. . 

Alchemy, An Old Colonial Manuscript Vol- 
ume Relating to-—. . A. Browne.. 

Alfred Werner. P. Pfeiffer... 

Amalgam Electrodes in Class Work, Mov- 
ing—. C. Michalek and T. E. 


"C.F. Ma- 


Rg taxciac ccs cn theta costennenes 

American Field Service Fellowships, The 
—. A.M. Palmer.. : 

Ammonia, Liquid—as a Solvent and. the 
Ammonia System of Compounds. W. 
C. Fernelius and W. C. Johnson. 

I. Liquid Ammonia as a Solvent 
II. Inorganic Ammonia Compounds. . 

Analysis for Group Performance, Experi- 
ment in ancoenentielllle L. E. Por- 
ter.. 

Analysis, ‘Objectives and Content of the 
Elementary College Course in eamie- 
tive—. J. H. Reedy.. EE ean 

Discussion. G. W. Sears.. 

Analysis, Objectives and Content ‘of the 
Introductory Course in uanti- 
tative—. H.H. Willard.. oe 

Discussion. W. D. Collins. . 
Analysis, The Technic of Conducting the 


Introductory College Course in Quali- , 


tative—. 
Discussion. 

Analysis, The Technic of Conducting the 
Introductory College Course in Quan- 
titative—. 

Discussion. J.S. Guy 

Analvsis of Group III, "A “Modified Proce- 
dure for the—. M. Sneed, G. B. 
Heisig, and G. C. Trovatten. . are 

Analytical Chemistry, Advanced > ‘and 
Graduate Work in—. C. W. Foulk.. 

Discussion. S. Popoff..... Sees 

Analytical Chesdenee Symposium ‘(see in- 


885 
606 


979 
985 


dividual titles).. 937-89 


Antimony, A Qualitative “Test for Arsenic 
or—. J. Cornog.. ae 
Apparatus, A Conductivity—. LE E. Day 
and F. C. Davi eee 
heoutien, A Self- Adjeation Buret—. R. 
C. Hockett. q 
Apparatus for Boiling-Point " Determina- 
tions, New—. . Swietoslawski.... . 
Apparatus for Indicating the Conductivity 


24 
1121 
1131 

469 


of Solutions and of Fused Salts, An—. 
J. Cornog.. 

Apparatus for the Preparation ‘of Chlorine, 
An—. C.H. Stone.. 

Arsenic or Antimony, A Qualitative Test 
or—. J. Cornog.. 

Atomic Structure, Anether ‘Attempt to 
Base a Classification ™ the Elements 
on—. O. J. Stewart. 

Atoms, Molecules, and Ions. ns 'B. Conant. 

Barometer, A Simplified—. H. C. Kre- 
mers.. 

Bases and Salts, "A General Definition of 
Acids—. H. P. Cady and H. M. EIl- 
eS STEPTOE OCR Ea ee OCR Oe 

Bibliography for the American Chemical 
Society Prize Essay Contest, A Topi- 
cal—. I. ade.. 

Biochemistry in an Educational Program, 
The Appeal of—. 2 

Blasting Explosives. B. A. Gillie 

Boerhaave’s Account of Paracelsus and 
Van Helmont. 

Boiling-Point Curves of Mixed Liquids. 
R. R. Denslow.. 

Boiling- Point Determinations, New “Ap- 
paratus for—. . Swietoslawski.. 
Boron: Its Importance in Plant Growth. 

E. S. Johnston. . roe 

we... Movement, Projection oi N. 
H. Black.. 

Brussels Polytechnic School, the “New 

aboratories of the— amber- 
mont.. ° 
Building at the University ‘of Minnesota, 
Note on the Agricultural Biochem- 
istry—. R. A. Gortner.. aie 

Buret oe 4 A Self- f-Adjusting—. R. 

C. Hockett.. ohaas 


Carboloy—A New Tool Material. G. 
Bartlett.. 

Carboy Siphons, "A Note on Starting—. 

ite 

Census of the Graduate Research Students 
in Chemistry, The Fourth—. C. J. 
West and C. Hull : 

Char, The Preparation . “of a Wood—. 
W. L. Evans and J. E. Day. or 

Charles Fredecick Mabery, A Pioneer. W. 
R. Veazey.. : 

Chemical Education, ‘Division 
(See Secretary’s Report) 

Chemical Education at the aioe of 
Vienna. J.S. Reese, IV.. 

A Correction.. 

Chemical Engineering, “The ‘Work ‘of the 
Exceptionally Gifted gat in 
Chemistry —_—, t C. Olsen... 

Chemical Industry. D. Little.. 

Chemical 1 sie lg E. M. Chamot 
and C. W. Mason. 

I. Crystallization Experiments as 
an Introduction to Metallography. . 

II. Its Value in the Training ‘of 
Chemists. ‘ 

III. Its Value in the Training of 
Chemists. . 

Chemical Warfare. “A Course i in ‘the Study 
of Toxic Gases. C. F. Wells. 

Chemist and the Industrial Association, 
The—. . L. Lewis. . eunewed 


‘of—. 





1730 


JOURNAL OF CHEMICAL EDUCATION 


DECEMBER, 





Chemist of a Century Ago, A—. C. R. 

all. 

Chemistry, A Few ‘Suggestions for ‘Testing 
in High-School—. G. A. Cook..... 

Chemistry, Advanced and Graduate Ww ork 
in Analytical—. C. W. Foulk 

Discussion. S. Popoff. aye 

Chemistry, An Outline of Pandemic—. 

R. Sampey.. 

Chemistry, Emerson 
Browne. 

Part I. 

Part II.. ae 
Chemistry, Experiences with Oral ‘Recita- 
gg in Descriptive High-School— 

T. Bast... 

Chankaey. Laboratory ‘Work for a Cc ‘ourse 
in Pandemic—. J. R.Sampey.. 

Chemistry, Lecture Demonstrations for 
General—. C.H.Sorum 

Chemistry, Order of Precedence of Labora- 
tory Work and Recitation in High- 
School—. Committee Report. 

Chemistry, Postersin—. F. L. Bell. 

Chemistry, Practical—in 1830. M.- 
McHenry.. ete oeetauae 

Chemistry, *Peaching ‘of College — W.S 
Haldeman. . rer ace 

Chemistry, The Value of the ‘Lecture- 
Table Demonstration in the Teaching 
of—. L.A. Wiles.. - 

Chemistry and Chemical ‘Engineering, “The 
Work of the Exceptionally Gifted Stu- 
dentin—. J.C. Olsen. 

Chemistry as Applied = the Oil Flotation 
of Copper Ores. Laine. ies 

Chemistry at New Yur University 

A Retrospect. W. H. Nichols..... 


: and—. “AG. 


The Nichols’ Chemistry ees at Uni- 
Till. 


versity Heights. A. E. 

Recent Developments at W ashington 
Square College. W. C. Mac- 
Tavish.. bares 

The Future. 13a Kendall. 

Chemistry Contests in the High ‘Schools 
in California. M. Tarbell. 

Chemistry Exhibit, A—. F. L. Bell. 

Chemistry for Students Who Have Studied 
the Subject before Entrance, The 
First-Year rabid Course in—-. C. 
P: Burt. 

Chemistry in “Americz in U niversities, 1927 
1928, Support of Graduate Rasoareh 
in—. *. J. West and C. Hull : 

Chemistry in pens Universities, The 
Teaching of —. . Paneth.... 

Chemistry in Medicine, Modern— aS 
Negus............ 

Chemistry in a ‘to 
fense. E. Gregg. 

Chemistry in the Development ‘of the Gas 
Industry. M.C. Jones... 

Chemistry of the Red por, Blue Pigments 
of Flowers and Fruits, The—. E. H. 
Huntress. 

Part I. 

Part II.. ierecincas mis ata meeeoe 
Chemistry ‘Open House as an Aid in In- 
struction, The—. R. E. Dunbar 

Chemistry Projects in High School. 
Mahannah. 

Chemistry to Industry, Contributions 7s a 
W. A. Schmidt. 


‘National — 


Chemists, Mechanical—G. Bartlett. 4 

Chloride, The Volumetric Determination 
of—. W. B. Meldrum and 
Forbes. . 

Chlorine, An Apparatus for ‘the Prepai ara- 
tion of—. C. H. Stone.. : 

Classification of the Elements | on Atomic 
Structure, Another penis to Base 
a—. O.J. Stewart... pRiaeralia daergiaieus 

Clemson, Thomas Green—, LL.D., The 
Chemist. R. N. Brackett. 


990 


1005 


Part a 
Part 

ona oor or “Correlation of High- 
School Chemistry with First-Year—. 
L. W. Mattern.. Simcoe 

College Chemistry, Teaching ce Ws. 
Haldeman.. 

College Course in Chemistry for Students 
Who Have Studied the Subject before 
Entrance, The First-Year—. >. ee 
Burt.. 

Colleges, The Research Instructor for—. 
H. N. Holmes.. : 

Colonial Manuscript. Volume ‘Relating to 
Alchemy, An Old—. A. Browne.. 

Color Photography, The Processes . 
C. E. K. Mees. 

Part I. Early History 
Part II. Screen-Plate Processes.. 

Combining Ratio of Copper and Sulfur, 
The—. An 1. for High 
Schools. C. H. Sto sarees 

Combining Weight of ese “‘The—. a8 
I. Day and R. J. Sutton.. 

Comparison between European and Ameri- 
can Methods in Education, A—. G. 
W. Muhleman.. “ . 

Concentration, Hydrogen- ‘Ton—. R. HH. 
Ashley.. ‘ gicienaince 

Conductivity Apparatus, Pres he E. Day 
and F. C. Davis.. 

Conductivity of Solutions and of “Fused 
Salts, An Apparatus for ampiatee 
the—. J. Cornog. 

Constant Boiling Mixtures,  ‘The—. ‘A 
Problem for Students of moe 
Chemistry. A. A. Sunier.. i 

Constitution of Wood, Importance * of 
Physical ———— in the Study 
of the—. A.J. Stam 

Construction and Use of Models i in Chem- 
istry. I. W. Wade 

Contemporary Reception of Wohler’ s ; Dis- 
covery of the Synthesis of Urea. W. 
H. Warren..... 

Contests in the High Schools i in California, 
Chemistry—. M. Tarbell.. 

Contributions of Chemistry to ‘Industry. 
W. A. Schmidt. 

Part I.. 
Part TE 

Convenient Form of “Hydrogen * Sulfide 
Generator, A—. D.C. Barrus.. ayy 

Copper, The Combining Weight of—. J. 
E. Day and R. J. Sutton.. 

Copper and Sulfur, The Combining Ratio 
of—. An Experiment for High 
Schools. C. H. Stone.. 

Copper Ores, Chemistry - ‘Applied to the 
Oil Flotation of — . Laine.. 

Correlation of High- Schout ‘Chemistry with 
First-Year College Chemistry, The—. 
TW. BORO COEI Soe sores 5 cise ceineleinje 

Cost of Retaining Inferior Students in 
College, The—. G. L. Wendt 

Cottrell Precipitator, A Lecture Demon- 
stration on the—. H.W. Stone...... 

Courses at Princeton, The Elementary 
Chemistry—. G. Dougherty.. 

Crafts, James Mason—. A. A. ‘Ashdown. 

Creating Interest in Freshman dapeanerainich 
H. R. Brayton... 

Crystallization Experiments - as ‘an ‘Intro- 
duction to eT een 
cal Microscopy. I. . M. Chamot 
and C. W. Mason.. 

Crystallization of a Metal from ¢ a Solution 
of Its Salt. C. C. Kiplinger.. 

Deceptive Advertisements. C. F. Mason. 

Definition of Acids, Bases and, Salts, A 
General—. H. P. Cady and H. M. 
Elsey.. Hains secu sia oae aie 

—— of Science, A—. W. T. Rich- 


— of Intelligence and Success in the 














Vo. 5, No. 12 


SusjEct INDEX 








Study of Chemistry, The Relation be- 
tween the—. {. G. Wolf.. 

Democracy, The Teaching of Chemistry 
ina—. V.R. Kokatnur. 

Demonstrating Dust Explosions, 
Method for—. R.E. Dunbar.. 

Demonstration, —_ % -Table—of Osmo- 
tic Pressure. . Maxson and J. 
W. Ramsey.. 

Demonstration in the Teaching ‘of Chem- 
istry, The Value of the Lecture- 
Table—. L.A. Wiles.. 

Demonstrations for General Chemistry, 
Lecture—. E.R. Washburn...... 

Demonstrations for General Chemistry, 
Lecture—. C.H.Sorum.. 

Department of Chemistry, An Outstanding 
High-School—. W. M. Blanchard. 

Desiccator, An Inexpensive—. J. E. 
and E. W. Walke.. 

Determination of Chloride, “The Volumet- 
ric—. W. B. Meldrum and } €. 
Forbes.. 

Diagnostic Study of Students’ Difficulties 
in Chemistry and the Effects of Appli- 
cation of Remedial Measures, A—. 

Malin.. 

Disease, “The Relation of ‘Chemistry to 
Health and—. P. Miceli.. ° 
Displacement Series as a Source of E ffec- 
tive Chemistry Teaching, The—. E. 
W. Hilbourne.. 


‘A New 


Day 


Division of Chemical ‘Education. "(See 
Secretary’s Report.) 
Doctor X, sudan H. G. Dem- 


Oks nas cen aa 
Dr. Edgar Fahs Smith. C. A. Browne. ... 
Dr. Robert Peter. J.S. McHargue...... 
Dr. Smith’s Office to Be Preserved as Mu- 
seum. 
Doctorates 
American 
C. J. West and C. Hull. re 
Does Laboratory Work Belong? R. E. 


‘in "Chemistry ‘Conferred by 
Universities, 1927-1928. 


orton. 
Dust Explosions, ‘A New Method for Dem- 
onstrating—. R.E. Dunbar.. 


Economical Hydrogen Sulfide Generator, 
An Efficient and—. W. J. Allardyce. 

Education, A Comparison between Euro- 
pean and American Methods in—. 
G. W. Muhleman.. Seater Ge aea a cna 

Education, More Scientific: Less Educa- 
tional Measurement. F. B. Wade.. 

Education at the University of Vienna, 
Chemical—. J. S. Reese, IV. 

A Correction. 

Educational Program, “The Appeal of Bio- 
chemistry inan—. R. A. Gortner.. 
Efficient and Economical Hydrogen Sulfide 

Generator, An—. W. J. Allardyce... 
Efficient Laboratory Instruction in Chem- 


istry. H.R. Smith ile eoneewe 
Electric Hot Funnel, a, T. Otter- 
bacher.. A Oe ee er 
Electric Steam- Bath, ‘An—. G. B. Cooke. 
Electricity, Origin of Voltaic-—: The Con- 


tact versus Chemical Theory before 
the Concept of E.M.F. Was De- 
veloped. C. J. Brockman. 

Electrodes in Class Work, Moving “Amal- 
 . Ee; Michalek and T. E. 
Phi ‘ Sam wae 

Waetaaar in ‘Organic “Chemistry, “The—. 
I. The Electronic Conception of the 
Nature of the Carbon-to-Carbon 
Bond from the Standpoint of the 
Theory of Partial Polarity. M. S. 
Kharasch and O. Reinmuth.. 


Electrons, Optical Experiments. ‘with—. 
L. H. Germer. 
Part I.. re 
Part II.. 


picid Nib 6 61—Illinium. RENE 
Quil ‘ Rinigataeaee 


76 
301 
349 


933 


1450 
1432 
349 


404 


1041 
1255 


561 





Elementary Chemistry Courses at Prince- 





ton, The—. G. Dougherty. . 851 
Elements on Atomic Structure, Another 

Attempt to Base a Classification of 

the—. O. J. Stewart.. 57 
Emerson and eisai Cc. y ‘Browne. 

Part I.. 269 
Part Il. 391 
Emil Fischer. L. Darmstaedter and R. E. 

Oesper.. ‘ aac Bie Mach doen 36 
Engineering, ‘Chemical, What a Summer- 

School Course in—Can Accomplish. 

D. B. Keyes..... 323 
Enrichment of Life, The Relation of Chem- 

istry tothe—. R. Leslie.. 1062 
Equation Writing, What to Expect ‘of the 

High-School Student in Chemical 

Formula and—. O.L,. Brauer... 304 
Equipment for High-School Chemistry, 

Minimum—. Committee Report.. 749 
Essay Contest, A Topical Bibliography for 

the American Chemical Society 

Prize—. I. W. Wade.. 202 
Essays, Prize—. a Individual Titles.) 

College... ........ x 791-827 
High- School. . 1056-89 
European and American Methods in 

Education, A Comparison between—. 

G. W. Muhleman.. 711 
Evening Instruction for the Chemist in 1 In- 

dustry. The Chicago Plan. = 

Guillaudeu and W. V. Evans.......... 1406 
Exhibit, A Chemistry—. F. L. Bell...... 280 
Experiences of Dr. Edgar F. Smith as a 

Student under Wé6hler, Some—. 

W. McPherson.. 1554 
E xperiences with Oral Recitations in “De- 

scriptive High-School Chemistry. F. 

i: 994 
Experiment on Radioactivity, A Lecture—. 

Y. Herron.. 598 
E xperiment to Illustrate ‘Osmotic Pres- 

sure, A Lecture—. H. Kremers 530 
Experiment for High Schools, An. The 

Combining Ratio of Copper and Sul- 

fir. CH iaiiscceccrcccnccns Sea 
Experiment in Codéperative Teaching, 

An—. W.L,. Evansand J. E. Day.. 1133 
Experiment in Quantitative Analvsis for 

Group Performance. [L. E. Porter.... 1429 
Explosives, Blasting—. B. A. Gillie.. 1213 
Fellowship Opportunities, Fura 

Study—. A. M. Palmer. --. 1634 
Fellowships, Pig American Field Ser- 

vice—. . M. Palmer.. ; ... 1448 
Few | A Be for Testing in  High- 

School Chemistry, A—. A. Cook.. 1272 
First-Year College Course in " Chemistry 

for Students Who Have Studied the 

Subject before Entrance, The—. 

P. Burt. 990 
Fischer, Emil—. Be Darmstaedter and R. 

E. Oesper.. . 36 
Flame Tests. 7. I. Oser.. w2 
Flotation of Copper Ores, “Chemistry as 

Applied to the Oil—. E. Laine....... 1084 
Flowers and Fruits, The Chemistry ¢ -» 

Red and Blue Pigments of—. 

Huntress. 

Part I.. 1392 
Part II. Bee era eb a rack ere we eee eee 
Foods, Know Your—. I. Oleomarga- 

rine. H. A. Schuette...... 1621 
Forcible Method of Emphasizing Labora- 

tory T E. Stout. . 403 
states — Fellowship Opportunities. 

Palmer.. 1634 
Forest. Mantle Relation of the—to the 

Teaching of Chemistry in Secondary 

Schools. H.K. Benson. 314 
Formula and Equation Writing, Ww hat. to 

Expect of the High- School Student 

in Chemical—. O. L. Brauer.. 304 
Freshman Chemistry, ae Interest 

in—. R. Brayton.. Mnaeweu 445 





1732 JOURNAL OF CHEMICAL EDUCATION 





Fruits, The Chemistry of the Red and ae 
Pigments of Flowers and—.  E. 
Huntress. 

Part I. 
Part II.. 

Fume Duct System, “A New Chemical Lab- 
oratory—. F.C. Vilbrandt and J. T. 
Dobbins. PIA AAP Rene 

Funnel, An Electric Hot—. T. Otter- 
bacher.. 

Fused Salts, ‘An “Apparatus ‘for Indicating 
the Conductivity of Solutions and 
of—. J. Cornog.. gr iy 


Gas, Note on the Purity of Effuent—from 
Simple Gas Generators. J. H. Hod- 
ges and A. M. White.. 

Gas Industry, Chemistry in ‘the Develop- 
ment of the—. M.C. K. Jones.. 
Gases, Chemical Warfare. A Course in 

the Study of Toxic—. C.F. Wells.... 

General Chemistry, Lecture Demonstra- 
tions for—. E.R. Washburn.. 

General Chemistry, Lecture Demonstra- 
tionsfor—. C.H.Sorum.. 

General “ag * Acids, Bases, ‘and 
Salts, A—. P. Cady and H. M. 
Elsey.. 

Generator, ‘An Efficient and ‘Economical 
Hydrogen Sulfide—. W. J. Allar- 

yce.. 

German Universities, “The Teaching of 
Chemistry in—. F. Paneth 

Gibbs, Josiah Willard—, An Appreciation. 
J. Johnston.. 

Glass Cutter, An Improved Hot- Wire—. 
iy * Baker and H. H. Haldeman 
Glass Working, The Micro Burner for Use 

in Elementary—. R. B. Wailes...... 

Graduate Research in Chemistry in Ameri- 
can Universities, 1927-1928, Support 
of—. C.J. Westand C. Hull........ 

Graduate Research Students in Chem- 
istry, The Fourth Census of the—. 
C. J. West and C. Hull. 

Graduate Students Majoring | in Chem- 
istry, Positions Open to—, in Various 
Colleges and Universities. W. Mc- 
Pherson. . 

Graduate Work in ‘Analytical Chemistry, 
Advanced and—. W. Foulk.. 

Discussion. S. Popoff.. 

Graphic Method for Solving ‘Simple 

nee Problems. c; 


Onsen TIT, “A “Modified Procedure ‘for the 
Analysis of—. M. C. Sneed, G. 
Heisig, and G. C. Trovatten.. 


Health and Disease, The Relation of 
Chemistry to—. P. Miceli.......... 

High School, Chemistry Projects in—. J. 
E. Mahannah.. 

High-School Chemistry, "A Few Sugges- 
tions for Testing in—. G.A.Cook.. 
High-School Chemistry, Correlation a 
with First-Year College Chemistry. 

L. W. Mattern... 

High-School Chemistry, Experience with 
Oral Recitations in pineal 
Pt. Hast. ; eh 

High-School Chemistry, How “Are 
Teachers Being Trained in College for 
Teaching—? Committee Report.. . 

High-School Chemistry, Minimum E quip- 
ment for—. Committee Report.. 

High-School Chemistry, Order of Prece- 
dence of Laboratory Work and Reci- 
tationin—. Committee Report.. a 

High-School Chemistry, Qualitative 
Analysisin—. B.H. Guild.......... 

es eX Chemistry ane, The—. 

C. Hendricks.. re 

High- F Schoo! Chemistry “Teachers, The 
Professional _— a Com- 
mittee Report.. pe amietalatecene 


High-School Coéperative Industrial 
Course, The Teaching of Chemistry 
ina—. H.R. Wi 

High-School Department of Chemistry, 
An Outstanding—. W. M. Blan- 
Wh 6 00 46 bene 4500 oOa heehee 

High-School Student, What to Expect of 
the—in Chemical Formula and Equa- 
tion Writing. O.L. Brauer.. 

High Schools, A Survey of Chemistry 
Teaching in Wisconsin—. -., tes 
Rogers.. 

High Schools in “California, Chemistry 
Contests in the—. BO | eee 

High Schools of the United States, Term 
Paper Practices _ Teaching Chem- 
istry in the—. R. E. Dunbar, C. H. 
Holgate, and J. T. Harkness. . 

Home, The Relation of Chemistry to ‘the—. 
S. Simon. . 

Honors Problem in “Quantitative Analy- 
sis. L. A. Pappenhagen.. 

Hot-Wire Glass Cutter, An Improved—. 


How ite Teach Chemistry: peat Helps. 
B. C. Hendricks.. 4 
Hydrogen- Ion Concentration. R. H. 

shley..... RAE 
Hydrogen Sulfide—See Deceptive Adver- 
tisements. 
Hydrogen Sulfide Generator, A Convenient 
ormof—. D.C. Barrus.. 
Hydrogen Sulfide Generator, An ‘Efficient 
and Economical—. W. J. Allardyce. 


a nian Number 61. Ek de 


Hientiabien ‘of the ‘Law of Mass ‘Action, A 
Simple—. S. A. Skinner.. 
Importance of Physical Investigations in 
the Study of the Constitution of 
Wood. A. J.Stamm.. ean 
Improved Hot-Wire Glass ‘Cutter, 


fay. 

a and the State, Science, the—. 

M. T. Bogert. 

Industrial ys 0k Sa “The Chemist and 
the—. W. L. Lewis.. 

Industrial Course, The Teaching of Chem- 
istry ina High- School Coéperative—. 
H. R. Wilson. aries sc aiecaes ane 

Industries in the United ‘States, Some 
Early—. W. V. Sessions 

Industry, Chemical—. A. D. Little 

suas iy’ | Contributions of Chemistry to—. 

A. Schmidt. 
m4 am 
Part It. 

Industry, Evening ‘Instruction “for, the 
Chemist in—. The Chicago Plan. 
A. Guillaudeu and W. V. Evans 

Inexpensive Desiccator, An—. J. E. Day 
and E. W. Walke.. . 

Inferior Students in College, “The Cost of 
Retaining—. G. L. Wendt. 

Institute of Chemistry, The A. cCus—. 

D. Hurd.. 


ic: ee 
coniigane of Chemistry ‘of the A. C. S, 
h 


InStruction, The ‘Chemistry Open "House 
asan Aidin—. R. E. 

Instruction for the Chemist in Industry, 
Evening—. The Chicago Plan. 
Guillaudeu and W. V. Evans. 

Instructor for Sone The Research—. 
H. N. Holmes.. aria 

Intensive Training in "Chemistry. The 
Silverman.. 

Interviewing Doctor X._H.G. Deming... 

Ions, Atoms, Molecules and—. A 2 B. 
Conant. . ‘ 5 ata arth 


J. Lawrence Smith. J. R.Sampey.. 

James Mason Crafts. A. A. Ashdown. . 

Jeremias Benjamin Richter. >= Darm- 
staedter and R. E. Oesper.. 





DECEMBER, 1928 


VoL. 5, No. 12 


SusyEct INDEX 





Josiah Willard Gibbs. An Appreciation. 
J. Johnston.. Scar sieve ecoie al cian erat ore 
Kaiser Wilhelm Institute for Physical and 
Electrochemistry, The Organization 
and Researches in Progress at the—. 
cee POMIIR coed Sch esha ue stice:é 
Know Your Foods. I. Oleomargarine. 
By Sie so 5 500 bea nenasesees 


Laboratories, Overhead Process Piping in 
hemical—. F. ilbrandt.. 
Laboratories of the Brussels Polytechnic 
School, The New—. F. Lambermont. 
Laboratory Instruction in Chemistry, Effi- 
cient—. H.R. Smith.. 
Laboratory Instruction in Higher Institu- 
tions, Possible Over-Emphasis of—. 
W. W. Lucasse.. ... 
Laboratory Technic, A Forcible Method of 
Emphasizing—. L. E. Stout. 
Laboratory Work and Recitation in High- 
School Chemistry, Order of Prece- 
dence of—. Committee Report........ 
Laboratory Work eane. Does—? R. E. 
orton. F 
Laboratory Work for. a ‘Course in “Pan- 
demic Chemistry. J. R.Sam 
Lecture Demonstration of the Cottre 
Precipitator, A—. H.W.S 
Lecture Demonstrations ay 
Chemistry. E.R. Washburn. . 
Lecture Demonstrations for 
Chemistry. C.H.Sorum.. 
Lecture Experiment on Radioactivity, 
—. F.Y. Herron.. 
Lecture Experiment to Illustrate Osmotic 
Pressure, A—. . C. Kremers.. 
Lecture- Table Demonstration in the 
Teaching of Chemistry, The Value of 
the—. L.A. Wiles.. P 
Lecture-Table Demonstration of Os- 
motic Pressure. R. N. Maxson and J. 
W. Ramsey.. 
Length, Weight, and Volume ‘in the United 
States, Standards of—. W. A. Noyes. 
Library, The High-School Chemistry—. 
B. C. Hendricks.. 
Library Helps. How to Teach Chemistry. 
B. C. Hendricks.. 
Life, The Mystery ae RB. G: Donnan... 
Life, The Relation of Chemistry to the 
Enrichment of—. R. Leslie.. 
Liquid Ammonia as a Solvent and the 
Ammonia System of Compounds. W. 
C. Fernelius and W. C. Johnson. 
I. Liquid Ammonia asa Solvent 
II. Inorganic Ammonia Compounds. . 
Liquids, Boiling-Point Curves of Mixed—. 
R. R. Denslow. . eta 


G yeneral 


General 


Mabery, Charles Frederick—A Pioneer. 
eazey 
Mallet, A Sketch. of Dr. John ‘William—. 
. P. Dunnington..... 

Mass Action, A Simple Illustration of the 
Law cS kinner. . 

Matter, The Nature of—. P.A. Paine.. 

Measurement, Less  pamaagie More 
Scientific Education :—. Wade. 

Mechanical Chemists. G. Sieclets 

Medicine, Modern Chemistry in—. ‘ss. 
Negus. 

Mercury and Its. Compounds in “Ancient 

imes. E.R. Caley 

Metal from a Solution of Its Salt,  Crystal- 
lization of a—. C. C. Kiplinger 

Metallography, Crystallization Experi- 
ments as an _ Introduction to—. 
Chemical Microscopy. I. E. M. Cha- 
mot and C. W. Mason.. 

Metals, The Platinum—. ee  Ogburn, 


Micro Burner for Use in Elementary Glass 
Working, The—. R. B. Wailes...... 
Microanalysis, Quantitative Organic—. 


507 


Ri: Fs Comn@elle oe oceans 
Microscopy, Chemical—. E. M. 
mot and C. W. Mason. 
I. Crystallization Experiments as an 
Introduction to Metallography. . 
II. Its Value in the Training of Chem- 
ists.. 
TIT. Its Value in the Training of Chem- 


‘Cha- 


ists 
Models in ‘ Chemistry, Construction ‘and 
Use—. I. W. Wade.. aeeia 
mais Sens in Medicine. Ss. S. 


Modified ee AAS, ‘for the “Analysis of 
ue II, A—. M. C. Sneed, 
B. Heisig, and G. C. Trovatten.. 
eaten Speed. R. E. Rose. ; me 
eee —_ Ions, Atoms—. ‘es ‘B. 
More Scientific Education: Less Educa- 
tional Measurement. F. B. Wade... . 
Motion Pictures for Science Classes........ 
Moving Amalgam Electrodes in Class 
Work. J. C. Michalek and T. E. 


“F. G. Donnan.. 


Phipps... a 
Mystery of Life, “The—. 


National Defense, Chemistry in Relation 
Ce aoa ccc hcescuscces ces 
Nature of Matter, The—. P. A. Paine.... 
Need for Standards in Courses in the 
Teaching of Chemistry, The—. J. 
O. Frank... 

New Chemical 
System, A—. 
J. T. Dobbins. . 

New Laboratories of the Brussels Poly- 
technic School, The—. . Lamber- 
mont. 

New Method ‘for Demonstrating. ‘Dust 
Explosions, A—. R. E. 

New York University, Chemistry at—. 
A Retrospect. W. H. Nichols...... 

The Nichols’ Chemistry Building at 
University Heights. A. E. Hill 

Developments at Washington ‘Square 
College. W.C. MacTavish.. 

The Future. J. Kendall. 

New-Type Tests versus Old. Type “Tests. 
AComparison. K. D. 

Night in Alchemy, A—. R. 1» Billinger.. . 

Note on Starting Carboy Siphons, .A—. 
C. E. White. 

Note on the Agricultural ‘Biochemistry 
Building at the University of Minne- 
sota, A—. R.A. Gortner........... 

Note on the Purity of Effluent Gas from 
Simple Gas Generators. ca H. Hodges 
and A. M. White... Rig rae aan 


Laboratory ‘Fume Duct 
F. C. Vilbrandt and 


Objectives and Content of the Elementary 
College Course in nogumalia dl 
sis. J.H. Reedy.. ; ey 

Discussion. G. W. Sears. . ? 

Objectives and Content of the ‘Introduc- 
tory Course in Soeaceeve weno 
H. H. Willard. . ‘ ? 

Discussion. W. D. Collins... . 

Objectives in the on of Qualitative 
Analysis. J.S. Guy. wanes 

Oleomargarine, Know Your Foods. 1.— 
H. A. Schuette. . 

One Hundred Years of Organic Chemistry. 
J. F. Thorpe. . 

Open House as an Aid in Instruction, “The 

Chemistry—. Dunbar..... 

Optical Experiments with Electrons. L. 

. Germer. 
Part I. 
Part FE. 

Order of Precedence ‘of Laboratory “Work 
and Recitation in High-School Chem- 
istry. Committee Report 

Organic Chemistry, One Hundred Years of 

is horpe.. Kanes 

Oreaaie Chemistry, The ‘Electron i 














1734 


JOURNAL OF CHEMICAL EDUCATION 








DECEMBER, 1928 











I. The Electronic Conception of the 
Nature of the Carbon-to-Carbon Bond 
from the Standpoint of the Theory of 
Partial Polarity. S. Kharasch 
and O. Reinmuth.. 

Organic Compounds, A System for Teach- 
ing the Substitution of Radicals in—. 


I. W. Wade. 
Organic Microanalysis, " Quantitative—. 
R. T. K. Cornwell. . 


Organization and Researches in ‘Progress at 
the Kaiser Wilhelm Institute for 
Physical and Electrochemistry, The— 
L. H. Reyerson.. 

Origin of Voltaic Electricity : “The Contact 
versus Chemical Theory before the 
a ae of E.M.F. Was Developed. 

C. J. Brockman.. 

Osmotic Pressure, A Lecture ‘Experiment 
to Illustrate—. H.C. Kremers...... 

Osmotic Pressure, Se Demon- 


stration of—. Maxson and J. 
W. Ramsey.. ASAE 

Outline of Pandemic ‘Chemistry, “An—. 
J. R. Sampey.. 


Outstanding High- School. Department 
of Chemistry, An—. W. M. Blan- 
char 

Overhead Process Piping in Chemical Lab- 
oratories. F.C. Vilbrandt. 

Oxygen in the Air, A Modification ‘of the 
Pyrogallol Method for Determining 
the Amount of—. L.A. Munro..... ‘ 


Paint and Varnish, The Story of—. E.C 
Holton. 
| ASS eeiee one meee 
Part II. Riera price hctar ete 
Pace til ......4.- Se ee 
Pandemic Chemistry, “An Outline of—. 
J. R. Sampey. . 
Pandemic Chemistry, Laboratory "Work 
for a Course in—. R. Sampey. . 
Paracelsus and Van Helmont, Boerhaave’s 
Account of—: T.L. Davis.. 
Pasteur: The Chemist. H. W. Moseley.. 
Peace, Science in the Interest of—. M. 1. 
Bogert. . . 
Peter, Dr. Robert—. oF, ‘Ss McHargue.... ate 
Photography., The Processes of Color—. 
C. E. K. Mees. 
PartI. Early History. . 
Part II. Screen-Plate Processes. 
Physical Investigations in the Study ‘of the 
Constitution of Wood, eenoenen 
of-—. A.J. Stamm. na 
Pictures for Science Classes, Motion—.... 
Pigments of Flowers and Fruits, The 
Chemistry of the Red and Blue—. E. 
H. Huntress. 


Part I. 
Part II.. DCR O EL TOE 
Pipetting, ‘Sanitation, ‘Safety and Con- 
venience in—. R.F. McCrackan and 


E. Passamaneck.. - ee 
Piping in Chemical Laboratories, " Over- 
head Process—. F. Vilbrandt.... 
Plant Growth, Boron: Sie eienienel 


in—. E.S. Johnston. . 
Platinum Red The—. s. Fe "Ogburn, 
:: oe 


Possible Over- Emphasis of Laboratory In- 
struction in — Institutions. W. 
W. Lucasse. . 

Positions Open to ‘Graduate Students Ma- 
joring in Chemistry, in Various Col- 
leges and Universities. W. McPher- 
son. oe 

Posters in Chemistry. F L. ‘Bell.. 

Potassium Ferrocyanide as a Qualitative 
Test for Zinc. F. G. McKee and G. 
W. Bennett.. Siete Agiae Vics 

Practical Chemistry i in 1830. M. J. Mc- 
Henry.. Ree eee 


404 


72 
1099 


462 


476 
1243 


1571 
738 


1392 
1615 
343 
738 
1235 
1371 


338 
157 


473 © 


697 








Precipitator, A Lecture Demonstration on 


the Cottrell—. H. W. Stone.. as<« 200% 
Preparation of a Wood oe" “The—. 

W. L. Evans and J. BR. Day........... 350 
Principle of the Chemical Fo A The—. 

P. V. McKinney.. 858 
Prize Essay Contest, “A “Topical Biblio- 

graphy for the American Chemical 

Society—. I. W. Wade.. are 202 
Prize Essays wen individual titles). 

College. . “ee : a 791-827 
High- School. . . 1056-89 
Problem, The Principle ‘of the Chemical—. 

P. V. McKinney. . 858 
Problems, Graphic Method ‘for Solving 

Simple Stoichiometric—. H. 

Stone.. 3 1444 
Procedure, A Question oc. ¢. H. Stone. 465 
Processes of Color Photography, The—. 

C. E. K. Mees. 

PartI. Early History. . 1385 
Part II. Screen-Plate Processes. 1577 
Professional Spirit among High- “School 

Chemistry Teachers, The—. Com- 

mittee Report.. Skee 747 
Projection of Brownian Movement. "N.H. 

Black.. panies 868 
Projects in ‘High ‘School, " Chemistry—. 

J. E. Mahannah.. 1112 
Purity of Effluent Gas from ‘Simple Gas 

Generators, Note on the—. bs 

Hodges and A. M. White. . 595 
Pyrogallol Method for Determining the 

Amount of Oxygen in the Air, A Modi- 

fication of the—. L.A. Munro....... 741 
Seated Analysis, Objectives and Con- 

nt of the Elementary College 
eae in—. J.H. Reedy........... 937 
Discussion. G. W. Sears. . Reiners 942 

Qualitative Analysis, Objectives ‘in the 

Teaching of—. J.S. Guy........... 573 
Qualitative Analysis, The Technic of 

Conducting the Introductory a 

Course in—. N.H. Furman.. 946 

Discussion. L. J. Wood.. 955 
Qualitative Analysis in High- School ‘Chem- 

istry. B.H. Guild.. 84 
Qualitative be for Arsenic or ‘Antimony, 

A—. J. Cornog. 24 
Qualitative Test for ‘Zine, Potassium 

Ferrocyanide as a—. F. G. McKee 

and G. W. Bennett. 473 
Quantitative Analysis, “Honors. ‘Problem 

in—. L.A. Pappenhagen.. 94 
Quantitative Analysis, Objectives | ‘and 

Content of the er * “ee 

in—. H.H. Willard.. 957 

Discussion. W. D. Collins. . 963 
Quantitative Analysis, The Technic of 
Conducting the Introductory College 

Coursein—. E.G. Mahin.......... 965 

Discussion. J.S. Guy.. 974 
Quantitative Analysis for. Group “Perfor- 
mance, Experiment in—. L,. E. Por- 

ter.. -.. 1429 
Quantitative Organic. Microanalysis. R. 

T. K. Cornwell. ‘ 1099 
Question of Procedure, A—. C.H.Stone. 465 
Radicals in Organic Compounds, A Sys- 

tem for Teaching the Substitution 

of—. I. W. Wade.. Baitiguew aerea 6 72 
Radioactivity, A Lecture Experiment 

on—. F. Y. Herron.. 598 
Recitation in High- School Chemistry, Or- 

der of Precedence of oe igaietl Work 

and—. Committee Report.. 1300 
Relation between the Degree of Intelli- 

gence and Success in the Study of 

Chemistry, The—. M.G. Wolf...... 76 
Relation of Chemistry to Agriculture, 

The—. J. B. Rae.. 1068 
Relation of i cee ll to > Forestry, The—. oe 


J. R. Robinson. 





Vor. 5, No: 12 


SupjEct INDEX 





Relation of Chemistry to Health and Dis- 
ease, The—. J. M. Wickham..... 
Relation of Chemistry to Health and Dis- 

ease, The—. P. Miceli. 

Relation of Chemistry to National ‘De: 
fense, The—. D.L,. Harley.. 

Relation of Chemistry to the Dev elop- 
ment of the Petroleum Industry in the 
U.S. J.L. Moilliet. 

Relation of ee to the ‘Enrichment 
of Life, The—. G. E. Gronemeyer.. 
Relation of Chemistry to the Enrichment 

of Life, The—. R. Leslie.. 7 

Relation of Chemistry to the Home, The—. 
P. Brines, Jr. 

Relation of Chemistry to the Home, The—. 
S. Simon. . 

Relation of the Forest Mantle to the 
Teaching of Chemistry in Secondary 
Schools, The—. 

Relation to National Defense, Chemistry 
in—. E. Gregg.. 

Remedial Measures, A Diagnostic ‘Study of 
Students’ Difficulties in Chemistry 
and the Effects of Application of—. 
J. E. Malin.. edna cert y ceaees 

Removing “Frozen” “Glass Stoppers, A 
Weteqm—. F.C. Mate..0.00 0 ccceces 

Report, Secretary’s—. 

St. Louis Meeting. . 
Swampscott Meeting. . 

Research in Chemistry in “American Uni- 
versities, 1927-1928, Support of 
Graduate—. C. J. West and C. Hull. 

Research Instructor for Colleges, The—. 

N. Holmes. . ie 

mm. Students in ‘Chemistry, “The 
Fourth Census of the Graduate—. C. 
J. West and C. Hull Maik gaee ee aan: 

Richter, Jeremias Benjamin—. L. Darm- 
staedter and R. E. Oesper 


Sanitation, Safety, and Convenience in 
Pipetting. R. F. McCrackan and E. 
Passamaneck. . Retain earaeece 

Science, A Definition of—. W. T. Rich- 


ards. ree 
Science, the Individual ‘and the State. 
Bogert. . 2 ety 

Science Classes, Motion. Pictures for—.. 

Science in the Interest of Peace. M. T 
Bogert.. Serre ree Cree 

Secondary Schools, “The Relation of the 
Forest Mantle to the Teaching of 
Chemistry in—. H.K. Benson..... 

Secretary’s Report: 

St. Louis Meeting. . are 
Swampscott Meeting. . Witenes 

Self-Adjusting Buret Apparatus, LR 
C. Hockett.. 

Separation of Constant ‘Boiling ‘Mixtures, 
The—: A Problem for Students of 
Physical Chemistry. A. A. Sunier.. 

September Meeting at Swampscott, 
Massachusetts. Publicity Committee. 

Simple Illustration of the Law of Mass Ac- 
tion, A—. S.A. Skinner............ 

Simplified Barometer, A—. . € 
Kremers..... emer ey 

Siphoning Distasteful ‘Liquids, ‘Suggestion 
for—. el Serre eee 

_ A Note on Starting Carboy—. 


Sketch of Dr. John William Mallet, A. 
P. Dunnington..... sie 
Smail Washbottle, A—. Hart. 


Smith, Dr. Edgar Pll < A. Browne. 

Smith, J. Lawrence—. J. R.Sampey. 

Smith, Some Experiences of Dr. E dga ar F. 

—as a Student under Wohler. W. 

McPherson. . 

Smith’s Office to Be Preserved as Mu- 
seum, Dr.— 

Solutions and of Fused Salts, ‘An Appara- 
tus for NS the : Comtnarivaty 
of—. J. Cornog.. 


Solvent, Liquid Ammonia as a—and the 
Ammonia System of Compounds. W. 
C. Fernelius and W. C. Johnson. 

I. Liquid Ammonia asa Solvent....... 
II. Inorganic Ammonia Compounds.. . 

Some Early Industries in the United 
States. W. V. Sessions 

Speed, Molecular—. R. E. Rose........ 

St. Louis Meeting, The—................. 

St. Louis Meeting, The—. Secretary’s 

Co LE ER ea aay riers 

Standards, The Need for—in Courses in 
the Teaching of Chemistry. j. © 
Frank 

Standards of Length, Weight, ‘and Volume 
in the United States. W. A. Noyes.. 

State, Science, the Individual and the—. 
M. T. Bogert. . ARR a ee FES? 

Steam-Bath, An Electric—. G. B. Cooke. 

ag A er. “. ina dil ‘Frozen”’ 

Glass—. J.C. Ric F hE AE 

Story of Paint and Vv aeoach the—. ELC 
Holton. 

RG sae 5 6 ork s-ad sre ewce eeine eee cereus 
Part II.. ree 
Part III.. chnucies 

Street of the Alche mists, ‘The—. HN: 
Holmes..... 

Students’ Difficulties in ‘Chemistry and the 
Effects of Application of Remedial 
Measures, A Diagnostic Study of—. 
J. E. Malin. ; a care h eer wes 

Study in Units of Volume, AS EM. 
Persing. . 

Substitution of Radicals in ‘Org: anic Com- 
pounds, A System for Teaching the— 
I. W. Wade.. f 

Success in the Study of ‘Chemistry, “The 
Relation between the Degree of In- 
telligence and—. M.G. Wolf.. 

Suggestion for Siphoning Distasteful 
Liquids. E. C. Weaver. 5 

Sulfur, The Combining Ratio of ‘Copper 
and—. An Experiment for High 
Schools. C. H. Stone.. 

Support of Graduate Research in Chem- 
istry in American Universities, 1927- 
1928. C.J. West and C. Hull... 

Survey, Why—? W. W. Spear...... 

Survey of Chemistry Teaching in Wi iscon- 
sin High Schools, A—. T. A. Rogers. 

Swampscott, Massachusetts, September 
Meeting at—. Publicity Committee.. . 

Swampscott Meeting, The—............. 

Swampscott tines: The—. Secretary’s 
Report.. 

Sy mposium, Analytical Che mistry— 
(See individual titles) . : > 

Teach Chemistry, How to—. Library 
Helge. Wi. CC. Henagnicks. <<< 66 cece 

Teachers, The Professional Spirit among 
High-School ene Commit- 
tee Report.. PET et 

Teachers Being. Trained in College for 
Teaching High-School Chemistry, 
How Are—? Committee Report 

Teaching, An Experiment in sone 
tive—. W.L. Evansand J. E. Day. 

Teaching, The Displacement Series as a 
Source of Effective Chemistry—. E. 
W. Hilbourne. 

Teaching Chemistry _ in | the High ‘Schools 


of the United Ceates, Term Paper 
H. 


Practices in— Dunbar, C. 
Holgate and J. T. "aka pe 
Teaching in Wisconsin —_ Schools, A 
Survey of Chemistry— gs eee 
Rogers.. ‘ j 
Teaching of. Chemistry, “The Need for 
Standards in Courses in the —. J. O. 
Frank. ..... a Cua Cea. 
Teaching of Chemistry, “The Value of the 
Lecture-Table Demonstration in 
the—. L.A. Wiles.. area 


612 
1014 


1297 


‘937-89 


303 


747 
a 

















1736 





JOURNAL OF CHEMICAL EDUCATION 








DECEMBER, 





1928 











Teaching of Chemistry in a Democracy, 
The—. V.R. Kokatnur.... 

Teaching of Chemistry in a High- School 
Coéperative Industrial Course, The—. 


H. R. Wilson. 
Teaching of Chemistry in German Uni- 
versities, The—. F. Paneth.......... 


Teaching of Chemistry in Secondary 
Schools, The Relation of the Forest 
Mantle tothe—. H.K. Benson...... 

Teaching of College Chemistry. W. S. 
Haldeman.. 

Teaching the Substitution of Radicals in 
Organic Sapam, A System for—. 
I. W. Wad 

Technic of Conducting ‘the ‘Introductory 
College Course in Qualitative ene 
The—. N.H.Furman.. ates 

Discussion. L. J. Wood.. 

Technic of Conducting the Introductory 
College Course in —* need 
sis, The—. E.G. Mahin.. a 

Discussion. J. S. Guy.. 

Term Paper Practices in Teaching Chem- 
istry in the =“ Schools of the 
United States. R. E. Dunbar, C. H. 
Holgate, and J. T. Harkness. . 

Test for Arsenic or Antimony, A Qualita- 
ee | ea 

Testing in High- Raped Chemistry, A Few 
Suggestions for—. G.A.Cook....... 

Tests, Flame—. J. I. Oser.. 

Tests, New-Type versus Old- Type “Tests. 
A Comparison. K. D. Dodds. . 

Thomas Green Clemson, L.L. D., ‘The 


Chemist. R.N. Brackett. 
Part I. : 
Part II.. arate 
Tool Material, ‘Carboloy, A New—. GC. 
Bartlett.. i 


Topical Bibliography for the American 
Chemical Society Prize veved Con- 
test, A—. I. W. Wade.. ‘ A 

Toxic Gases, Chemical Warfare. 
Course in the Study of—. C. r 
Wells... 

Training in Chemistry, Tntensive—. oA 
Silverman..... 

Training of Chemists, ‘Chemical Micros- 
copy. Its Valueinthe—. E. M. Cha- 
mot and C. W. Mason. 

University of Vienna, Chemical Education 

atthe—. J.S. Reese, IV............ 
A Correction. . 


Urea, Contemporary ‘Reception of Woéh- 
ler’s Discovery of the Synthesis of—. 


W.H. Warren. 
Use of Models in Chemistry, Construction 
MT, Ws Woes ccccccccecae 


Value of the Lecture-Table Demonstration 
in the Teaching of Chemistry, The—. 
L. A. Wiles. . a 

Van Helmont, Boerhaave’s Account of 


Paracelsus and—. eee 

Varnish, The Story of Paint and—. E. C. 
Holton. 

LAURIER Renata Ser ere Eee Re RC 


Part IT.. 
Part Ill.. s 
Vienna, Chemical ‘Education at the Uni- 
versity of —. 1 ee | eee 
A Correction. Fe Ee 
Volume, A Study in Units of—. K. M. 
Persing 
Volume, Desiciinaiie ‘of “Length, "Weight, 
and—in the United States. W. 
Noyes.. 





Volumetric Determination of ’ Chloride, 
The—. iS. 


W. B. Meldrum and J. 
PUB sii chic cine. als wea ssiseon ane aeewn 


Warfare, Chemical—. A Course in the 
Study of Toxic Gases. 


C. F. Wells. .. 


301 


425 


314 
1276 


I 
i) 


946 
955 


965 
974 


1445 


1272 
192 


854 
433 
576 
1399 
202 


929 
317 





1124 
1273 


1539 


193 


1109 
671 


515 
836 
1124 


1273 
725 
586 
205 


929 


Washbottle, ASmall—. C.S. Hart.. 

Weight, Standards of Length, —and Vol- 
ume in the United States. W. A. 
Noyes.. : P 

Werner, Alfred—. | P. Pfeiffer.. 

What a Summer-School Course in Chemi- 
cal Engineering Can Accomplish. D. 
B. Keyes.. 

What to Expect of the ‘High- ‘School Stu- 
dent in Chemical Formula and leave 
tion Writing. O.L. Brauer.. aus 

Why Survey? W. W. Spear............. 

Wohler, Some Experiences of Dr. Edgar F. 

Smith as a Student under—. 
McPherson. . 

Wohler’s Discovery ‘of the “Synthesis of 
Urea, Contemporary Reception of—. 
W. H. Warren. 

Wood, Importance of Physical Investiga- 
tions in the Study of the Constitution 

of—. A.J. Stamm.. ssitia 

Wood Char, The Preperation of i W. 
L. Evans and J. E. D 

Work of the commiamalae Gifted Student 
in Chemistry and Chemical eeevel 
ing, The—. J.C. Olsen.. 


Zinc, Potassium Ferrocyanide as a Quali- 
tative Test for—. F. G. McKee and 
G. W. Bennett.. é : 
The Chemistry Student: 


A. C. S. Prize Essay Contests, The—...... 
Alfred Nobel, Inventor of Dynamite...... . 


Bibliography for Prize-Essay Contestants. . 


Carbon Dioxide in Modern Life........... 


Easily Made Ozonizer, An—. M. Max- 
well..... cl Wrexaist ira: yet 
Home-Made Electric Furnace, A—. J. 
Kissel. eae reir eie 


How to Study Chemistry... Riiwarcases 
Hydrogen-Ion Concentration. R. Harman 
Ashley. . 3 aeelptaratete eee 


Molecular Speed. R. E. Rose........... 
OMAR RETIRES ooo 5 aos casi cneein ets 
Vo er er eee ae to 


Reversing the ieeeaedl Debit. Otto 
Reinmuth.. Bae AO 


Sir Humphry Davy.. at 
Some Notes on Various Electrolytes. . Lonees 
Some Uses for Atmospheric Gases........ 
Structure of Matter, The—. Otto Rein- 
muth. 
I. Hydrogen and Oxygen.. 
II. The Periodic Classification ‘of the 
Elements. . 
III. Some Miscellaneous Applications.. 
IV. Ions and Ionogens.. 
Svante Arrhenius and the > Theory ‘of Ioni- 
zation. abana : 
Unique Laboratory, A—. F. P. Fleming. 
Water and Its Components. . 
Water Supply, The—. D: w. Prichard. 
What a Chemistry Club Can Do.. 
Why Study Chemistry? Otto Reinmuth.. 


Editor’s Outlook: 


Abel Fund for Research, The—..........- 
Announcement. . - Ree rere 


Baedeker, A Chemist’s—.....+---eee-e+% 





978 


586 
1090 


323 


304 
1279 


1554 


1539 


129 
350 


473 


1169 
1480 


1172 
1321 
1493 
1491 
1307 
1647 
1484 
1333 
1334 





1464 
1664 


1659 
1327 


1152 





— 


Vou. 5, No. 12 


SuByEct INDEX 





Benevolent Taxation. . 
Bogert, Marston Tay lor—.. 


Chamot Dr B. Mes oie cc cc how vate 
Chemist's Baedeker, a Pe 
Chemistry, Conference on Pandemic—. . 
er and The Prize Essays, Pan- 
dem : ee Sa 
Conference o on Pandemic Chemistry. 


Dean Kendall Resigns................+.. 


Essays, Pandemic Reena and the 


Prize—..... 


Fellowships Available 
Franklin, Edward Curtis—.............. 


Gibbs, Josiah Willard—................. 
Government, Science and—.............. 


Kendall, Dean—Resigns................ 


Life, Science ad—......00 ccc csvcccccece 
Norris, Dr. James Pm... 0. cc ccccccccess 


Pandemic Chemistry, Conference on—.... 
Pandemic Chemistry and the Prize Essays. 
Parr, President S. W. 

Prize Essays, Pandemic. Chemistry ‘and 


th Star atte 
Prize Essays, The—. Capa ee wae HES 


Recording Research. seus 

Research, Recording—. aks 

Research, The Abel Fund (ee are 
Richards, Theodore W: flint ee ane 
eumfOrd, Cont... ois ciceiicte een see 
Science and Life.. 

Science and Government. 

Science Reshaping the W orld.. 

Smith, Dr. Edgar Fahs—.. 

Swampscott Meeting. . Boao aed erae 
St. Louis Meeting, ||) re eae ate saa 
Taxation, Benevolent—.. nbtewnes 
Truth and Nothing But, ZAC 3s Seana en 
Two-Edged Criticism. Pere eee 


Wohler, Fredrich— 


Correspondence: 


Bulletin 


W. Rake- 
straw. Siihae 


Board, The—. N. 4 


Deceptive Advertisements. A. Henwood. 
Rauity and Similarity in papain L. 
H. Friedburg. . 
teonmas and American Methods i in E du- 
cation. J. Rinse. : 
Reply. G. W. Muhleman. . 


Hot- hag Glass Cutter, An Improved 


Helmame Sulfide——See espe Adver- 
tisements. 


Medal Awarded Dr. J. Lawrence Smith. 
A Correction. B. N. Menschutkin. 
Reply. J. R.Sampey.. 


Open a to Dr. Resists An—. 
Strong. . << 


m. KE. 


Perchlorate Method for Potassium, The 
A Criticism. G. F.Smith.. be 
In Reply. J. P. Mehlig.. 

Question of Procedure, A—. W. T. Hall. 
Further Question. Cc. Z. Draves...... 
The Reply Courteous. C. H. Stone.. 

Stuffing the Goose. E. Hart............. 

Vocational Information tween Chemis- 

try. J. F. Padula. ens R 


380 


1040 


1538 
1209 


505 
506 


380 


251 
909 
1210 
1040 
119 


1040 
783 


1340 
1495 


1340 
1497 
1499 
1672 
1495 


480 
480 


Chemical Digest: 
Mvenlatile: Mega i i-ccssic ctu ceceunsls 


Business, Science in—... areas 
Business Builder, Research—The—.. 
By-Products of Chemical Warfare........ 


Chemistry, Over-Sold—. B. C. Hen- 
dricks. . 

Companionate Education. : 

Conflicting Principles in the ‘Teac her. 

Craftsmanship and Science. a itwieoes 

Culture, This Modern—................ 

Culture and Technic. . 


Education, Companionate—.. . 

Education, Quantity, lediouaiege 
in—. : 

Energy, Av ailable—... 


‘and Econ- 


Over-Sold Chemistry. B.C. Hendricks... 


PROUORIANIIK oa od oo ve etd eon sees 
Quantity, Gee. 2 and Economy in Edu- 
cation.... errr er 


Research—The Business Builder......... ; 
Science, Craftsmanship and—............ 
Science in Business.......... 


Teacher, Conflicting Principles in the—... . 


Warfare, By-Products of Chemical— 


Abstracts: 


“A” Tube—An ie a Form of ‘‘U’ 
Tube, The—. = and F. 
Hobson. re 

Abdication of Reason, “The—. R. Pound. 

Absolute Zero of Temperature, A Method 
of Determining the—. J. es Cotter... 

Achievement, Constancy of Scholastic— 
in High "School and onan M. - 
Broom. : epee ee 

Adhesive Action. Edit. ‘ 

Administration, Curriculum “Construction 
and—. Committee Report.. 

Administration, Experiments in “Teachers 
College—: II. The Supervision of 
Instruction. G. W. Frazier and W. 
D. Armentrout. 

Administration, Experiments jin Teachers 
College—: III. Intelligence Tests. 
G. W. Frazier and Jacob D. Heilman. 

Administration, ee 1927. 
G. D. Strayer. eache 

a ik iy Aiding—to Life. 
M. Alltucker. . emesimenare 

‘Aonamas in Common-Sense. Education, 
An—. H. Holt. .. .363, 

Advisers, Faculty —of "Students and the 
Personnel Office. F.S. Jones........ 

Aéréstatique, Description des Expériences 
de la Machine—. K. Maynard.. 

Agitator, A Mechanical—. G.N. Quam.. 

Agricultural Students, Teaching Fresh- 
man Chemistry to—. C. H. Peters.. 

Aiding Fe yy coer to Interpret Life. 
M. Alltucker.... 

Aim pete Came of Chemistry Laboratory 
Manuals. C. M. 
Aims of a Liberal paanaoate The—. 

Pease. . - Kore 

Alchemy, Modern—. ere G. F. Druce. 

Alchemy—Past, Present, and Future. 

E. Sheppard. . 

Alkali Earth Metals i in 
and Their Use in Alkalimetry. 
Shead. ; 

Alkalimetry, “Alkali. Earth Met fals in Sac- 
charate Solution and Their Use in—. 
Bis © SOR ice si no: 40d. aR oe nee 

Alum, Sodium—. H. Leffmann and L. W. 


Interpret 


Saccharate Solution 
A. C. 


od RA rrer eT errr Cre Cre 
Aluminum, A Modified Confirmatory Test 


1501 


1017 
1346 
1505 


889 
1343 
1677 
1501 

617 
1179 
1677 
1346 
1509 
1017 


1345 
1505 


1023 


1023 
621 
621 

1355 
492 


1024 
1683 


1021 
621 
230 
365 

1355 
486 
626 
626 


1686 














1738 


JOURNAL OF CHEMICAL EDUCATION 





DECEMBER, 





for—. E. H. Panganiban and F. A. 
DS car SA ca dene ann pn eees cunt 
Amateur in Scientific Discovery, The 
Réle of the—. H. P. Gillette........ 
American Chemical Society. Edit.. 
American Chemical —* Chemistry 
and the—. S. W. 
American nn or C. Plants, An—. 
C. E. Mullin. . 
America’s Influence on the Development 
of the Sciences. J. Mayer..... 
Ammonia, Making—from Two Common 
Gaseous Elements. C. H. Vivian.... 
Ammonia, Synthetic—. P. Firmin...... 
Analysis, An Apparatus for Continuous 
Gas—. E.C. White...... 
Analysis of Mixtures of Barium and Cal- 
cium Salts, The Rapid—. S. Kettle. 
Analytical Balance, The—..... ae 
Analytical Filtration Accelerated. pao eane 
Anemia, A Specific for Pernicious—. Edit. 
Another Degree? A. D. Weeks...... 
Antimony, A New Method for Separating 
Arsenic from—. L. W. McCay.. 
Antimony Poisoning, A Curious Case ict 
J 





. Dunn.. 
Apparatus, An Improv ed ‘E xtraction—. 
F. E. Bolton. 
Apparatus, An Improvi ised Photomicro- 
graphic—. C.N. Shaw............. 
Apparatus, Mongolian Distillation—. 
BE. Huber... . ES Ne 
Apparatus = Continuous ‘Gas Analysis, 
An—. C. White. . POS: 
Apparatus i Determining — "Melting 
Points. S. Avery. 


Apparatus for the Laboratory, E xtraction— 

Apparatus for the Micro- Determination of 
Dissolved ——— T. G. Thompson 
and R. C. Miller. 

Apparatus for Use in ‘Colorimetric Titra- 
tion, Simple—. E. B. Powers. 

Application of Oxygen and Hydrogen 
to Industrial Operations. Part VI. 
Hydrogen, Nitrogen, and the Electric 
Furnace. F. P. Wilson, Jr........... 

Are the Colleges Turning Away as Many 
Students as Reported? Edit. 

Arrhenius Memorial Lecture. J. Walker. 

Arrhenius, Svante August—, 1859-1927. 
W. A. Noyes, Jr.... 

Arsenic from ‘Antimony, ‘A New Method 
for Separating—. McCay. . 

Art of Hardening Copper Not a Mystery. 


Anon... See ely eaters 
Art of Soap Manufacture, ‘The—. ms 
Penny.. wus 
Atom, The Inner Structure of the—. Te 
Patric 


Atom? What Is an—. "Pp. R. Heyl.. ete tala 
Atom asa Source of Energy, The—. A. Haas 
Atom Building, Direct Evidence of—. 
A. R. Millikan and G. H. Cameron... 
Atomic Hydrogen as an Aid to Industrial 
Research. I. Langmuir..... 
Atomic Weight Determinations Published 
during 1927, Thirty-Fourth Annual 


Report of the Committee on—. G. P. 
Baxter.. eee 
Atomic Weight of, ‘Cesium, The—. T. 


W. Richards and M. Francon....... 
Atomic a of Titanium, A Revision 
of the—. The Analysis’ of Titanium 
Tetrabromide. G. P. Baxter and A. 
Q. Butler. . 
Atoms, Spectra and—. Anon.... 
Attempt to Prepare Triatomic “Hydrogen, 
An—. H. M. Smallwood and H. C. 
Urey . Rctersets 
saeamaa: ‘Mercury Cleaner, Ae i ¢ 


Dent. Seas 
Available E nergy. R.A. ‘Millikan... oneaeats 





Bacon’s Gunpowder and His Secret Wis- 
dom, Roger—. MRNAS 0:5 s-s0.8 
Balance, The Analytical—.. sy 


1687 


484 
1355 


766 
1353 
1353 

620 

892 


626 





L. C. Porter and 


Balloons—Balloons. 
A.C, Ray. 
Barium and Calcium ‘Salts, “The ‘Rapid 

Analysis of Mixtures of-—. S. Kettle. 
Barnacle, Chemical Warfare rennet the— 


ARON: : .;.< oe 
Bath, A Constant “Temperature—. . 


Baumé, Antoine, 1728-1804. A non. 5 
Beaker Rack for’ Decantation, A—. "A. H. 
Moody 

ahs po Dishes, Cover Supports for-— 
H. Spurrier. . Poneais 

Relea Ernst—(1853-1923). G. 

Lockemann. . 
‘Believe,’ Wanted—A Word to Re- 


place—. E. C. L. Miller.. 
Berthelot Centenary, The—. Anon.. 
Beryllium: A Survey. A. C. Vivian.. 
Bill, The New Education—at Minneapolis. 
Assoc.’s Legis. Com.. 
Biochemistry a "RK. Can: 
non.... c - ASO 
—The Vitamins. . 
Bios I as Inactive Inosite, The “Identifi- 


cation of—.. en 
—— Teaching from the—. G. C. 
ers... 


Blue Laws for School Teachers. S. ‘Ewing 

Boerhaave’s Textbook of Chemistry, 
The Vicissitudes of— T. L. Davis. . 

Boiling Point and the Latent Heat of 
Vaporization of Water, The—. J. B. 
Nathanson. . 

Boll Weevil Investigation, ‘A Brief Resumé 
of the Chemical Warfare Service—. 
H. W. Walker. . 

Books, Forty American—1926. 
Assoc. ac 

Books, Science—in| the High- ‘School Lie 
brary. B.C. Hendricks..... 

Books, Sixty Education—of 1927. 

Books Recommended for High-School 
Chemistry Library, List of—...... 

Borer in a New Rédle, The Cork—......... 

Boston Convention, Extracts from the—. . 

Boston Resolutions, The—. Com. on 
Resolutions . 

Brief Resumé of the Chemical _ Warfare 
Service Boll Weevil aed 
A—. H. W. Walker.. 

British Scientists Discuss — Educational 


‘Am. Libr. 


Problems. H. S. Brode.. 
Broadcasting as an Aid to Scientific Study. 
edit. 


Broadening of the Outlook in ‘Education, 
The—. The Duchess of Atholl. 
Building Our Profession. Committee 
Report.. SP eae ee 
Bureau of Education al Research, Ohio 
State University, for 1928-29, _ 
ects of the—.. : 
Bureaus of Research ‘and Statistics in 
State Departments of Education. 
H. B. Chapman. . epee 
Buret Cleaner, A—. BE ish ssc cs. 
Buret-Reading Device. M. Hyman.. 
Butanol Fermentation Process. C.— 
Gabriel. EES: 
By-Products ‘of Chemical Warfare. A. A. 
Fries. . Sere 


Calcium and Magnesium, The Oxalate 
Method for Determining—. W. T. 
Hall.. 

Calcium Salts, “The. ‘Rapid ‘Analysis of 
Mixtures of Barium and—. S. Kettle 

Calendar, The Simplified—and the 
SONOOM: 250. PIMERON . 5.0016, o:4in.5. ors 

Cambridge University Chemical Labo- 
ratory, The—. 2 0 ee 

— Reproducing Illustrations with- 

ut a—.. 

Canada, = ’ By- Product Fish Industry 
in—. T. Elworthy 

Carbon Dioxide and Its 2 SOE ey in 

Canada. J. R. Donald. ae ee aed 





482 
1020 
364 
1694 


1693 


1693 
1184 

892 
1687 


1520 


1684 
1189 

897 
1355 
1020 
1190 

493 





VoL. 5, No. 12 


SuBJEcT INDEX 


1739 





ag from Hy- 
. L. Brown and A. 


Carbon Monoxide, 
drogen and—. 
E. Galloway. . ; 

Carbon Monoxide Ready for Distribution, 
New Educational Motion Picture Film 
Depicting Hazards of—. 

Career, Chemistry asa—. J. Ree 

Catechism on the New tavontionsl Bill, 
A—. J.E. Morgan.. 

Cathode Ray Generator, The New—. E 

Certification Requirements of ‘Yonchuss 
of Secondary School Science in Cer- 
tain Southern and Border States. W. 
W. Carpenter.. 

Cesium, The Atomic Weight ‘of—. T. W. 
Richards and M. Francon. ars 

Chains of Prometheus, The—. B. C. 
Gruenberg. . 

Change in Admission ‘to! 
School, A—. Edit....... 

ae The Sources of 

t 


the Medical 
Ethical—. 
Charts in the Natural Sciences, ‘The Use 
of—. A.C. Noe..... 
Cheating in College. E. kK ‘Hillbrand. 
Chemical and Allied Industries, Applica- 
tions of Glass tothe—. A. E. Marshall 
Chemical Education, College Libraries 
and—. P. L. K. Gross and E. M. 
Ms dc ccuas 0 4eue eas 
Chemical Education in 
Vachon. L rarar cae are 
Chemical Enterprise, “The Seven 
of—. C. T. J. Cronshaw. 
Chemical Industry in Modern Life. Anon. 
Chemical Laboratory, The agape Uni- 
versity—. F.G. Mann........ 
Chemical Laboratory, The New— ‘Fait. 
Chemical Warfare, By-Products of. &. 
A. Fries. . 
Chemical Warfare. against ‘the Barnz acle. 
Anon..... s 
Chemical Warfare and Its Relation to 
National Defense. Anon. owes 
Chemist, How It Is Done by the—. D. 
B. Keyes.. aa 
Chemist’s Faith in the ‘Invisible, “The—. 
B. C. Hendricks....... Pg 
Chemistry, Culture and—. Edit. 
Chemistry, Great Chemists and the Devel- 
opment of J. G. F. 
Chemistry, Publicity for—. : 
Chemistry? Shall I Take Up—. 
Wilson. Pict rer rr tT 
Chemistry, “The of—. E. J. 
Holmyard. ree 
Cheat Slave of the “Lamp. bs 
. Watson. 
Chemistry and the’ American ‘Chemical So- 
ciety. S. W. Parr. re 
Chemistry as a Career. a Reed.. 
Chemistry in the High-School Curriculum, 
The Place and Problems of—. ae 


Quebec. ial A. 


L amps 


‘History 


Stubbs. . : Rice: 
Chemistry Teaching in Nebraska. B. C. 
Hendricks and J. S. Chambers...... . 
Chemistry the Doorkeeper, Physical -. 
H. P. Cady.. 
Chemistry to ‘Agricultural Students, 
Teaching Freshman—. C. Peters. 
Chemists, Great—and the Siacoieennas 
of Chemistry. J. G. F. Druce. 
Chinese Wall around Teacher 
Building a—. Fdit...... 
Chlorine, Alkali—Industry, 
and Progress of the—. 


Service, 


Dev elopme: nt 
D. A. Pritch- 


Our 


ard.. 
Chtesnphat ‘and for the Vitamins, 


Search for—. F. M. Schurtz. 
Chromium, Diphenylcarbazide as a Test 
or C. Stover.. 
Citizen "Expects from the Public ‘School, 
hat the—. N. Eckstein. ‘: 
Civilization, Influence of Chemistry on—. 
Lecture I—The Chemist at the Break- 
fast Table, J. C. Irvine. 


1520 
766 
763 


767 


493 


1689 
1026 


1025 


1689 
1026 
1021 
1689 

622 


493 


1190 


1519 
1026 


1688 


Classical Origins of Scientific Terms. G. 
EO oe ocd bi ccecwerenavuTeeone 
Classification of Metallic Substances, 
he—. W. Hume-Rothery.. nia 
Classifying High-School Pupils on * the 
Basis of Achievement, Experiment 
in—. H. P. Rainey and H. Anderson 

Clerks for Teachers. P. A. Maxwell. 

Coating, Sorares Metal Forms Protec- 
tive—. S. G. Rot a % aes 

College, Cheating j in—. ie Hillbrand. 

College, Discipline in—. Ae M. Metcalf. 

College, The Aims of a Liberal—. A. S. 

College, The Junior— — “Committee Re 

College, The Place of Professional Courses 
in the Liberal Arts—. H.G. Good... 

College, The Place of Research in the—. 
H. N. Holmies....... 

The Taxpayer and the Junior—. 

A. Frazier..... ‘ ‘ 

College, Who Should Go to—? F. L. 
McVey. 

College Doors, Shall— 

College Education, 
Reeves....... iveeces 

College Entrance ‘Requirements. W. ni 
W. Field. 

College Freshmen, The Orientation ic 
G. A. Blackburn..... 

College Headed, W hither Is the—? 
Estabrooks. 

College Libraries 
tion. m 
Gross... sree niga ad 

College of ‘Arts, ’ Literature, ‘and Science, 
New Developments in the—, —Uni- 
versity of Chicago. C. S. Boucher. . 

College Teaching. KE. H. Wilkins........ 

Colleges, Pot-Shots at—. Edit.......... 

Colleges, Quack-Doctoring the—. W. B 
Munro..... eo rertr err Cer 

Colleges, Resez arch in—. M. M. Metcalf. 

Colleges, The Relation of Secondary 
Schools to—. A. L. Lowell. .763, 896, 

Colleges and Students, Too Many—. 
Edit. F ‘ 

Colleges and "Universi ies 
Modern—. J. W. Crist. 

Colleges in a College of Liberal ‘Arts, “The 
Junior and Senior—. B. Johnston. 

Colloids and Its Applications, The Science 
of—. H. Braidy. 

Colorimetric E stimation of Silica, “The Use 
of Picric Acid as an Artificial Standard 
inthe—. E. J. Kingand C. C. Lucas. 

Colorimetric Titration, Simple Apparatus 
for Usein—. E. B. Powers.......... 

Colorimetrically the pH of Small Amounts 
of Solutions, A Rapid Method for 
Determining—. O. W. elicit 

Colors, Vat—. W. M. Scott. aa 

Combustion Sy mposium. 

Commencements in Doylestown. 
mittee Report. . 

Commercial Developments ‘of Helium Gas. 

Commercial Material for Science Classes. 

y |. ree eee 

Commission on the Curriculum, “The—, 
Curriculum Commission. 

Committee Work, Some Psychological 
Aspects of—. FE. B. South..... 
Community Center, The High ‘School as 

a—. Committee Report. 

Comparison of Lecture Demonstration 
and Individual Laboratory Methods 
of Performing Chemistry Experi- 
ments. D.B. Pugh.. eae : 

Comparison of the Lecture- ‘Demonstration, 
Group Laboratory Experimentation, 
and Individual Laboratory Experi- 
mentation Methods of eaching 
High-School Biology, A—. P. O. 
Johnson. . F 

Comparison of the Time 


College, 
A 


“Be Closed? Edit. 
Cost of—. F. W. 


GH. 


‘and Chemical "Educa- ‘a- 
<. Gross and E. M. 


‘Criticism | of 


*'Com- 


“Allotment of 


367 
622 
366 
491 
233 
365 
622 
365 
896 
1355 
1026 
628 


105 
628 


1023 
1191 
1357 


1693 
895 


1023 


1690 














1740 JOURNAL OF CHEMICAL EDUCATION 








DECEMBER, 1928 

















Subjects in Elementary Training 
Schools and in Elementary Public 
Schools, A—. W. D. Armentrout.. 
a Gases, Electricity and—. 
TOE «09:3 hg 
Condenser, Improv ed ‘Laboratory—. E. 
i ae Rie acaretara 
Condensers, An Improv ement in—....... 
Constancy of Scholastic Achievement in 
High School and seni mm. #. 
Broom. Pneene 
Constant Flow Filter- Funnel, A= (CB: 
Davis.. estore 
Constant Temperature Bath, pace ate 
Constructive Tendencies in Educz ation. 
J. W. Crabtree. . eciate? siaie 
Cookery, The Romance of—. C. H. 
LaWall.. 
Codéperation in School ‘Service, The ‘Evo- 
lution of—. N. D.Showalter........ 
Copper, Art of hose liieads a Mys- 
tery. Anon.. 5p igate eke< 
Cork and Stopper | Board, SA== OMI: 
McHenry.. TE 
Cork Borer in a New Réle, The—.. 
Cornell University, The Honor Plan at—. 
Anon. ; se 
Corrosion and Inhibitors. ‘Edit. 
Cost of College Education. F. W. "Reeves. 
Cost of Education, To What Extent Should 
College Students Pay the 2 
Arnett. 








Cost of Higher E duce ition, "The—. : ‘Edit. 
Counteracting a a in Moral In- 
struction. es PRES race's 5 bc." : 


Counting ~ 9 M. Sherrill. . 
Cover Supports for Beakers and Dishes. 
H. Spurrier. ‘ 
Craftsmanship and Science. W ‘Bragg... OF 
Criticism of Modern ee: and Uni- 
versities. J. W. Crist. . 
Cultivated Man, The—. 
Culture and Chemistry. ka it 
Curricula in Junior and Senior ‘High 
Schools, The Math. and Science 





C. V. Good. . = 
Curriculum, Science in the New—. oe am: 
Downing. . ere 
Curriculum, The ‘Changing Core—. P. 
Vv “ox. 


Curriculum, The Commission on the—. 
Curriculum Commission. 

Curriculum, The Place and Problems of 
Chemistry in the _— School—. M 
F. Stubbs. . é 

Curriculum Construction | ‘and  Admini- 
stration. Committee Repori. 

Curriculum Development, The Place of 
Research in a _— of-—. H. 


Judd.. 
Curriculum "Research, Teacher Participa- 
tionin—. R.E. Rutledge........... 


Curse of Examinations, The—............ 


Dalton Laboratory Plan, The—A Method 
of Training Teachers in Service—. 
L. L. W. Wilson. ais nie xe 
Decantation, A Beaker Rack for—. A. H. 
Moody.. 
Declaration of Independence ‘for Public 
Education, A—. H. Suzzallo....105, 
Deficiency of English Units of Measure 
and Weight for Scientific and Tech- 
nical Uses, The—. S. Russell........ 
Degree, Another—? Ug 3 Ne". 
Degree, The New College—Bachelor of 
Citizenship. J.T. Williams....... 
Democracy in Education. W. H. P. 
MERINO oy eros cee sean oes ba wis aia 
Demonstration, A Practical Density—. 
R. E. Dunbar.. Sate k re a aes 
Demonstration, Lecture, ‘Comparison of 
—and Individual Laboratory Meth- 
ods of Performing enema navel 
ments. D.B. Pugh.. 
Demonstration Method versus the “Labo- 





1692 
229 


894 
1192 


1184 


1522 
367 
1693 
493 
489 
1189 
1027 
768 


489 
363 


1357 


1192 
1692 


1192 
1184 
234 
231 
492 
1692 
768 
1350 


104 











ratory Method of Teaching High- 
School Chemistry, The—. W. W. 
Knox.. <Gnpiad oekae ae 
Density Demonstration, ‘A’ Practical—. 
R. E. Dunbar.. 
Development and Progress ‘of the Alkali- 
Chlorine Industry. D. A. Pritchard. 
Developments in the College of Arts, 
Literature, and ere New—Uni- 
versity of Chicago. C.S. Boucher. 
Dewar, Sir James—(1842- 1923). H. E. 
Armstrong. . ‘ ae 
Differential Potentiometric “Titration, A 
Simplified Method of—. N. F. Hall, 
M. A. Jensen, and S. A. Baeckstrom.. 
Diffusion of Hydrogen through Nickel, 
Experimental Researches a the—. 
V. Lombard. . 
Diphenylearbazide as “a Test for Chro- 
mium. N.C. Stover. an 
Direct Evidence of Atom ‘Building. A. 
R. Millikan and G. H. Cameron...... 
Discipline in College. M. M. Metcalf.. 
Distillation Apparatus, Mongolian—. E. 
Huber.. 
Distillation in ‘the Laboratory, ‘Notes on 
Vacuum—. F.H.McDowall....... 
Dripless Wash Bottle, The—. H. Spurrin 
Dry-Ice. H. W. Geisler.. 
Dumas, Jean-Baptiste—. ie “Matignon.. 
Dyes, Cochineal—, The ere | of Stain- 
ing:—. H. pie Conn and §. I. Korn- 
hauser. . reek eee s 


Economic Symposium on Nitrogen....... 

Edgar Fahs Smith. J. Kendall........... 

Education, A Declaration of Independence 
for Public—. HH. Suzzallo....... 1 





Education, A Democratic experiment 
in—. W. W. Miller. ee 
Education, A Shift of E mphasis i in—. W. 

Sanger. ee 
Education, A World Bureau of—. G. W. 
A. Luckey. . 
Education, An ‘Adventure in Common 
Sense—. H. Holt.. . . 363, 
Education, Chemical—in | Quebec. A. 
Vachon. . 
Education, College Libraries ‘and. Chem- 
ical—. P.L. K. Gross and E. M. Gross 
Education, ca of Colleg Ww. 
Reeves. . 


Education, Constructive Tendencies in—. 
J. W. Crabtree... 


Education, Democracy in—. W. H. P. 
Faunce. . are eee 

Education, Examinations Sand AS SUE 
Lockhart. 


Education, Foreign Light on American—. 
V. C. Gildersleeve..... 
Education, Freedom and- —, 
Education, Freedom in—. 
Wilson. 
Education, Overproduction in Higher—. 
. Rudman.. é 
E ducation, Progressive—. iM, Snyder.. Pe 
E ducation, Science in—. . H. Vannors- 
dall. des 


: ‘0. Decroly. - z 
L. W. 


Education, "Scientific—. F. B. Jewett. . 
Education, Socialistic Trend in—. G. 
Darte. 
Education, State Universities and Public—. 
. Coffman. . 5 
Education, Statistical Survey of—. FM. 
Phillips. 


Education, Supervision — of Instruction in 
Higher W. F. Sanders. . 
Education, The Broadening of the Outlook 
in—. The Duchess of Atholl. 
Education, The Goal of—. Edit. sn 
Education, The Future of—. We 
Froula sides 
Education, “The Place of Science in—. 
Edit. aie 
Educa ition, “The Social Measures rope L. 
D. Coffman. . ‘caets iasveésatte? 





487 
1350 
493 


1519 





Voi. 5, No. 12 


SuBjEcT INDEX 


1741 





Education, The Teacher’s heipneaieipied of—. 
G. W. Frazier. . 
Education? To What “Extent Should 
College Students Pay the Cost of—. 
T. Arnett. . = bas 
E 5 Waste in Professional—. R. 
E. e.. “2 
Hacation, Water- Tight " Compartments 
—. W.B. McDaniel.. PORE 
Education, What Is Waime with—? 0. 
C. Lester.. cencad 
Education and Poor Relief. Edit. ....... 
Education and Public Morals. V. K. 
A ae here cee 
“Education” and the ee Professor. 
G. Wakeham... . eodicaan ven ad 
Education Associations, Sidelights and 
Impressions of the World Federation 
of—. M. B. Strecker.. 
Education Bill, The New—. D. A. Reed. 
Education Bill, The New—. V. K. Froul-. 
Education Bill, The New—at Minneapolis. 
Assoc’s . Legis. Com. 
Education Bill Itself, The New—. 
Education Books, Sixty 2 
Education Courses, bias Liber: al Element 
in Professional—. D. Champlin.. 
Education for Moral Qa M. A. 
Alltucker. . eens 
Education in New Russia, “The New—. L. 
L. W. Wilson. 
Education: The Next Steps. 
Educational Bill, A Catechism 
New—. J.E. Morgan.. 
Educational Coéperation. ‘Anon.. 
Educational Courses in a Liberal Arts Col- 
lege, What Place Have—? J. H. Sin- 
“Educational Measurements,’ Review 
CO. WE. Meee. «5 ce ccewcccs 
Educational Problems, British Scientists 
Discuss—. H.S. Brode 
Electric Furnace, Industrial 
of the—. H.H. Watson............ 
Electricity and Compressed Gases. ‘Edit. 
Electronic Theory of Valency, Physical 
Chemistry—The—. K. Schofield. 
Elements, Making Ammonia from Two 
Common Gaseous—. C. H. Vivian. . 
Elements, sang the Periodic Classi- 
fication of R. H. LeRoy... ....... 
Elements, The Radioactive—. kL BR. 
A ooo iors so ore See nce Pia ke ae en eee 
Elements, The Rare—. F. P. Stroup..... 
Elements and Safeguards of Scientific 
Thinking, The E. R. Downing. 
Elements of the Rare Earths, The Position 
of the—in the Periodic mdnanen - F. 
Spencer. . seers 
Energy, Available—. 'R. ‘A. "Millikan. 
Energy, The Atom as a Source of—. 
aas.... a a ee 
Engineering, Rubber i een ah W. Schade. 
English, College—. A _ Standardized 
Mental Test vs. an Unstandardized 
English Test as a Means of ieee: 
Success in—. T. M. Carter. 
Enlightening the Whole Nation. oe M. 
Dorsey. 
Enlistment and. Training of f College Teach- 
ers. O.E. Randall.. 
Enzymes, Biochemistry—. 'R. kK. Cannon 
Equilibrator, A New: A Device for the 
Determination of the Distribution 
Ratio of a Volatile Solute between 
Two Miscible Solvents. G. Jones 
and B. B. Kaplan.. : 
Ethics, Science and J. "B.S. Haldane. | 
Evolution of Codperation in Sees Ser- 
vice, . D. Showalter. 
Evolution of ladusies as Related to the 
Evolution of Scientific venient 
R. E. Rose. . 
Examination Methods, Minor ‘Studies | on 
Objective—. I. The Negative 


"C. Norwood. 
on the 


iniunen 


co, 


he—. 


1027 


1692 
1690 
896 


484 
481 


483 
488 


768 
482 


1687 
1521 


1355 
234 
489 


1190 
1354 


763 
625 
1522 


620 
486 


Suggestion Effect of True-False Tests. 
H. M. Roberts and G. M. Ruch..... 

Examinations, An Objective Study of 
Student Honesty a N. 
Fenton. 

Exe iminations, The c urse a. 

Examinations and Education. A. V. 

Experiment in Classifying High-School 
Pupils on the Basis of Achievement. 
H. P. Rainey and H. Anderson. 

Experiment in Education, A 
cratic—. W. W. Miller... . 

Experiment in the Dev elopment of Class- 
room Films, An—. T. E. Finegan.. 

Experiment Schools in Soviet Russia. D. 
L. Zyve. 

Experimental Data on 1 the Purdue Rating 
Scale for Instructors. H. Rem- 
mers and G. C. Brandenburg......... 

Experimental Researches upon the Dif- 
fusion of Hydrogen through Nickel. 
V. Lombard. . 

Experimental Test of Intellectual Honesty, 
An—. . F. Miller. : 

Experiments, Comparison of. Lecture 
Demonstration and Individual Labo- 

ratory Methods of Performing Chem- 
istry—. David B. Pugh.. 

Experiments in Teachers College ‘Admin- 
istration: II. The Supervision of 
Instruction. G. W. Frazier and W. 
D. Armentrout. . 

Experiments in Teachers College ‘Admin- 
istration: III. Intelligence 
G. W. Frazier and Jacob D. Heilman. 

Explosives and Their Properties. I. 
Grageroff . . ricer cere 

Extraction Apparatus, An D 
F. E. Bolton. : ; 

Extraction Apparatus for the Laboratory. . 

E xtraction Work, Solvent Economy in—. 

.N. Shaw..... ‘ ’ 

E xtractor, A Large- -Capacity Laboratory- — 

Holmes... . ei 
E ntreate from the Boston Conv ention. 


Lock- 


Demo- 


Factors Contributing = Success i in College 
Teaching. F.S. 

Faculty Advisers = “Stusients 
Personnel Office. S. Jones 

Faculty Self-Survey = ‘the Improvement 
of College Teaching. C.C. Eckhardt. 

Failures among University Freshmen. 
G. H. Alderman. . 

Farewell to Pedagogy. 

Farmer, He 

Fermentation Process, 
Gabriel. 4 

Ferrous Compounds by ‘Sodium Peroxide, 
Oxidation and Precipitation of—. 
F. G. Germuth. . 

Ferrous Ion by } Means ‘of Potassium Io- 
date, Volumetric Determination of—. 
G. B. Heisig. . 

roe Metals, The Heat Treatment CS 

M. Walter.... 

Field} News and E ditorial Comment. 

Files as Glass Knives. 

Films, An Experiment in the Development 
of Classroom—. Finegan. . 

Films, Harvard SE with Pathé in 
a Series of Scientific—. 

Filter-Funnel, A Constant Flow—. 

avis. es 

Filtration Accelerated, 

Fish Industry in Canada, 
duct—. T. Elworthy.. 

Flames, Freezing- —to Check Their Spread. 
Anon.. ; ee 

Fluorescence Microscope, “The—. FF. EB. 

Challis. , , 

F ood, The Preservation of —. 

eld 


and the 


"B. DeVoto. 
Edit. cieeneee 
Butanol—. C. L. 


“Analytical—. 
The By-Pro- 


Ee aa 
Coéperates with 
M. F. Brown 


Food Manufacturer — 
Teachers, How One—. 


Tests. 


1689 

225 
1692 
1358 


366 
1690 


623 


359 
492 
764 
359 
229 
1024 


1687 
1189 


1020 
a 

1520 
481 
1184 
623 
362 


1682 
1517 


1190 


225 











1742 


JOURNAL OF CHEMICAL EDUCATION 








DECEMBER, 












Flinn and In- 








Foods, Metals in Our—. 


ouye ; eave aver siecs 
Foreign Light ‘on “American ‘Education. 
V. C. Gildersleeve.... Rete. 
Forty American Books—1926. Am. Libr. 


SS ean 
Foundations, Universities, 
aski..... ee 
Freedom and E ducation. 0. ‘Decroly. ras 
Freedom in Education. L. L. W. Wilson. 
Freezing Flames to Check Their Spread. 
Anon.. 
Freshmen, Failures 
G. H. Alderman. 
Freshmen, The Orientation ‘of. College 
G. A. Blackhurn........... 





and Research. 


among U niv ersity—. 





Fun of Being a Scientist, The—. iS. ‘O. 
Perrine. . 
Function, Universities and Their—. A. 
Whitehead. . : aa 
Function of the Univ ersity, ‘The—. G. 3. 


Laing.. 
Fund, The Retirement—Policy of the W. 


E. A. S. E. Fleming.. 
F — Filter-, A Constant Flow—. 
BoDavis. 2: aepaie eran 
ana The History, ‘of an Industrial 


Research. C.S. Minmer............. 
Future of Education, The ae. 
MIR sg hra'e 6.5/6 .0'8 oe oe sack aa en ees 





Gallium by Means of Alpha-Nitroso-Beta- 





Naphthol, Quantitative — 
of Iron from—. J. Papish and L. E 
Hoag.... 

Gas Anal is, ‘An Apparatus ‘for Contin- 
uous—. E. C. White. sereraie cee ie 

Gas Generator, An Improved—. bee 
Jackson. . : 

Gaseous Explosions, Phy sical Chemis- 


K. Schofield. 


Ty. 
and 


“Hiectricty 





© ‘ompressed— 


Comal fxn Laboratory Unknowns 


in—. L. J. WoodandS Owen.... 
Generator, A Simple, E tc Hydrogen 
Sulfide—. R.E. Dunbar........... 
Generator, An easier Gas--. V. T. 
Jackson. . Le ES Cacti tan 
Generator, The ‘New Cathode Ray—. 
Edit. 


George Herbert ‘Jones Laboratory at the 
University of Chicago. H. I. Schles- 
inger ee 

German Universities over the American 
in the Last Hundred Years, The In- 
fluence of—. C.F. Thwing.......... 


Gibbs, Willard—, An Appreciation. J. 
eka ciciu ew kb nade oe 0K 

Gibbs Medalist, William ee Harkins—. 
Anon.. aot 

Glass Knives, Files. as—. A. Hunt 

Glass Stopper Remover, ee N. 
Quam.... 

Glass to the Chemical and Allied Indus- 
tries, Applications of—. A. E. 
Marshall. . 


-—. Tubing, ‘Squaring ‘the ‘Ends CS 
G. N. Quam. 


Glauber, Johann Rudolph—. D. Paterson 


Goal of Education, The—. Edit... Dre 

Gossypol, Studies on—. E. P. Clark. a Ae 

Graduate School, The Work of Students 
in the—. Report........ RPA ret te 

Graphical Methods in Teaching and in 
Research. A. Ferguson. . Pe 

Gravitation, Sir Isaac Newton on—. F. 
Cajori.. 


Great Chemists and ‘the ‘Development. of 
Chemistry. J. G. F. Druce 

Growth of Pension Movement in 
United States. K. J. Knutson. 

Growth through Mental Hygiene. Ww. ‘H. 
Burnham 


oo: through Professional 


’ Activities. 
A. R. Barnette....... ere Se 


1354 
234 


893 


624 
620 


1025 
1184 


1188 


1521 
1682 
230 


597 


wad 


363 
624 
491 
1191 
1689 
624 
768 
482 








Growth through Professional Reading. 
EAE, SOMA os a9. 6+ ac eke heey ee 

Growth through Reading. J. L. Bennett. 

Gunpowder and His Secret Wisdom, oe 
Bacon’s—. T.L. Davis....... 


Habit, The Trap of—. W.L. Bryan...... 
Harkins, William eenaitl —Gibbs Medal- 
ist. Anon.. ; Serer er 
Harvard Coéperates with Pathé in a 
Series of Scientific Films. Edit...... 
Health Material in Science Textbooks. 
L. Meier... . 
iat: Treatment of Ferrous Metals, The—. 
M. Walter. . ; 
Heliura Gas, Commercial Developments ‘of — 
Hemoglobin. J. Barcroft. via 
Hendrick, Ellwood—. C. 
Hide and Seek with Radium. R. L. Doan. 
High School, Better Teaching in—. L. 


Tildsley. . Terai € 
High School, Student Government in—. 
B. Ness. 


High Schosl, Supervision ‘in the—.  B. F. 
“The Teaching Load of the 


High all 
Anderson..... 


Beginner i in— 


High School, The By ioe of the 
Small—. J. Roemer. 
High School, Tri- Grouping at ‘the ‘James 


Madison—. A. M. Clark. 
High School as a Community ‘Center, 





he Committee Report. . : 
High-School Chemistry, The _ ‘Demon- 
stration Method versus the Labo- 
W. W. 


ratory Method of Teaching— 
1 AE PAPE ec 

High-School Curriculum, The Place and 
Problems of Chemistry in the—. M. 
F. Stubbs.... 

High-School Library, T ist of Books Recom- 
mended for ¢ 

High-School Performances, ’ Predictions 
rom—.. B.S. JOM 66.0.6: 5.500 - 

High- School Pupils on 
Achievement, Experiment in Clavally- 

H. P. Rainey and H. Anderson 











ng—. 
High- School Science 3 con for 1928, 
re BR. A We a ooo oa wre aie sere 
High-School Science Problem, The—. A. 


C. Monahan.. 
High-School Teachers, Some Faults Com- 


mon in Informal Qbjective Tests 
Made by—._ B. Lee Miers 
High Schools, A Plea ag Academie—. 'w. 
Comfort. . re 

High Schools, The Math. and ‘Science 
Curricula in sane and Senior—. 


C. V. Good. stecetinrigses 
High ‘Temperatures Recorded ‘in Uncle 
Sam’s Test Fires. G.F. Dacy.. 


Higher Education, The Cost of —. Edit. - 

History of wameanide The—. E. if 
Holmyard.. Sieh eran ae teraoarens 

History of Staining: Cochineal Dyes. 


H. J. Conn and S. I. Kornhauser...... 


Honesty, An ee Test of In- 
tellectual—. >. F. Miller... 

Honesty during E alae ‘An Objec- 
tive Study of Student—. N. Fenton. 

Honor Plan at Cornell University, The—. 
8” RGA aE pee Cg ay i rae 

Honor System and the Normal Curve, 

he—. H.C. Hines.. 


House, The Perfect Small—. R.S. Brooks 
W 


How Does a Nerve ey R. 
Gerard... ieee 

How It Is Done ‘by the Chemist. “Dp: Bi 
Keyes 


How One “Food ° Manufacturer Codperates 
with Teachers. M. F. Brown 
How Should a Storage Magazine Be Illu- 


ae Serer 
“How to Study”’ Course Given to College 
Students, Results in a 


Obtained 
Special—. W.F. Book........ 


1694 
1353 
485 
103 


487 


489 
1684 
896 


366 
1021 
1353 


1023 
103 


489 


1686 
229 


1355 
1686 
488 


232 


1358 
763 
763 
105 
490 





VoL. 5, No. 12 


SuBJEcT INDEX 





Humanities, Science and the—. Editorial 

Hydrogen, An Attempt to Prepare Tri- 
atomic—. H. M. Smallwood and 
E..C. Urey. : ; 

Hydrogen, Atomic—as an Aid to Indus- 
trial Research. I. Langmuir 

Hydrogen and = Monoxide, authe 
nol from—. . L. Brown and A. E. 
Galloway..... 3 oe 

aie rd Ion Concentration. Ww. “M. 

Medenaes ‘Sulfide Generator, A Simple, 
Efficient—. R.E. Dunbar.. ; 

Hydrogen through Nickel, Experimental 
Researches upon the Diffusion of —. 
V. Lombard. . 

Hydrogen to Industrial Operations, “Appli- 
cation of Oxygen and—. Part VI. 
Hydrogen, Nitrogen, and the Electric 
Furnace. F. P. Wilson, Jr........... 


Ice, Dry-—. H. W. Geisler. 

Ice (‘‘When Ships Carried Ice of Nature’s 
Making to Distant Countries’). C. 
H. Vivian. 

I. G. Plants, An American n Impression ioc 
C. E. Mullin. 

Identification of Bios I as Inactive Tnosite, 

Illustrations without : a ‘Camera, Reproduc- 
ing—. P. Jones. 

Improved hiehiian Source for Melting- 
Point Apparatus. E. 

Improvement of College Teardiciines, 
The—. M.E. Haggerty............ 

Improving Teachers in Service. F. D. 
Boynton.. Ae 

ane s Great ‘Limestone ‘Industry. R. 

. Skerrett.. 

vedeaaan The Use of Pinachrom 
One Color—. I. M. Kolthoff.. 

Industrial Applications of the 
Furnace. H.H. Watson.... 

Industrial Motion Pictures. 

Industrial pH Measurements, } 
cating yen 
Parker. . 

Industrial Sanitation. Editorial. 

Industries, Applications of Glass to. the 

Chemical and Allied—. A. E. Mar- 

shall.... Pea be 

Industry in Canada, “The ‘By-Product 

Ae eG 


Fish—. 
ay in Modern Life, Chemical—. 


‘as a 


E ‘lectric 


iutaee, “Research” and Chemical—.  F. 
H. Ca me ; 5 eateas 

Industry, Science and—. G. ‘Grey 

Industry, The Evolution of—as Related to 
the Evolution of Scientific Knowledge. 
RK. B. Rose... .... SPER PS eS 

Influence of Chemistry ‘on ’ Civilization. 
Lecture I—The Chemist at the Break- 
fast Table. J.C. Irvine.. 

Inhibitors, Corrosion and—. Editorial... 

Inhibitors: Their Behavior in Laboratory 
and Plant. F. N. Speller and E. L. 
Chappell. . et 

Inosite, The Identification of Bios I as 
Inactive—. . 

Insertion of Tight- Fitting ‘Glass 
into Rubber Stoppers. T. ] 
PANG. co coce ee eee eae 

Instruction, a oe 
Sci. Instr., B: As 

Instruction, Sate of Free Material for 
Science—. R.E. Dunbar.. 

Instruction, The Improv ement of Col- 
lege—. M. E. Haggerty.. ; 

Instruction in Higher Education, Super- 
vision of—. W.F.Sanders.......... 

Instruction in a 
Learning. C.R. Hicks..... 

Instructors, Experimental Data on 
Purdue Rating Scale for—. 
Remmers and G. C. Brandenburg. . 


“Tubing 
. Coch- 


Seattle. Dept. 


Institutions of 


the 


1687 


624 


490 
1687 
1190 
1020 

363 

761 

232 
1686 
1020 
1687 


767 


1687 
1024 
1521 
1190 
1025 
1693 

484 

230 


1688 
1353 


485 
1190 


Intellectual Life, Tools for the—. B. 

eVoto..... 

Interpretation ‘of ‘Teacher Training, An—. 
“dit. . 

sac: The Chemist’s Faith in the—. 

C. Hendricks. . 
ih Rapid Method for the Detection 

of Zinc in the Presence of—. W. H. 

Hammond. 

Iron and Steel Industry ‘of ‘Ohio,  The—. 

M. V. McGill. 

Iron from Gallium ‘by Means of Alpha- 
Nitroso-Beta-Naphthol, Quantitative 
Separation of—. J. 7 and L. F 
Hoad..... yeeere ers 

Irvine, Sir James Colquhoun- — J. W.E 
Glattfeld. . eniie mates 


mom, 


Jobs, More Teachers than—. Editorial... 

Johann Rudolph Glauber. D. Paterson.. 

Journal’s Annual Roll Call, The—. Edit, 

Junior and Senior ——_ ina ‘College 
of Liberal Arts, The J. B. John- 
ston. ere er 

Junior College, The—. Committee Report. 

Junior College renee. The —— 
cance of the—. L. W. Smith. 


Key to What? The—. Edit.............. 


Laboratory, Extraction Aqpeeenn for 
thHe—. ele 

Laboratory, “The 
Chemical—. F.G. Mann. 

Laboratory, The New Chemical- —, "Ridit. 

Laboratory at the University of Chicago, 
The George Herbert iil H. I 
Schlesinger. . wee aa als 

Laboratory E xperimentation, “Group —, 
f Comparison of the Lecture- Demon- 
stration,—and Individual Laboratory 
Experimentation Methods of Teach- 
ing High-School Biology. PF. @O. 
Johnson. . 7 

Laboratory Manuals, ‘Aim and ‘Content of 
Chemistry—. .M. Pruitt.. ‘ 

Labese Method, “The Demonstration 
Method versus the—, of Teaching 
High-School Chemistry. W. J 
Knox... ‘ 

Laboratory Methods ‘of Performing ¢ hem- 
istry Experiments, Comparison of 
Lecture Demonstration and Individ- 
ual—. D.B. Pugh. . < 

en Unknowns in General Chemis- 
try. L. J. WoodandS. E. Owen..... 

Lamp, Gildea Slave of the—. 

J. A. Watson. 

Lamps, The Seven—of “Chemical 
prise. C.T. J. Cronshaw. 

Langmuir, Dr. —Presented 
Medal... 

Lead and Articles Manufactured from It. 
A. Brenthel. . - 

Lead Tetra- Ethyl, ‘The Use of —.. 

Leadership, Science and—. E« it. 

Learned Men and Scientists. D. Merritt. 

Letters to the Editor. E. Nightengale, 
A. a Goard, F. S. Young, and H. 


Cambridge ‘University 


Enter- 


with Perkin 


“The Junior ‘and ‘Senior Col- 
. John- 


E. 

Liberal y om 
leges in a College of— 
8 CSR eer rer 

Liberal Arts College, The 
fessional Courses in 
Goo ete RRS 

Liberal a College, ‘What Place 
Educational Courses in a 
Sinclair. . 

Liberal E lement in ' Professional Education 
Courses, The—. D. Champlin. . 
Library, List of Books Recommended for 

High-School—. . eats 
Library, Science High- 
School—. B.C. Hendricks. . 
Library for 1928, The oe School ‘Sci- 
ence—. H.A. Webb.. , ea 


pikes y Pro- 
the—. H. G. 


Have 
J. H 


Books in the 


1689 


1690 
230 











1744 


' JourNAL OF CHEMICAL EpucATION 





DECEMBER, 


1928 











Education, Col- 
and E. M. 


Chemical 


Libraries and 
K. Gross 


lege—. P. L. 
Gross. 

Liebig, The ‘Life and Work of Justus von- — 
P. Krische. . 

L iesegang Rings and Periodic Precipita- 


tion. E.S. Hedges. : 
Life and Work of Justus von Liebig, 
The—. P. Krische. ecretante 
Limestone Industry, Indiana’: s “Great—. 


R. G. Skerrett. ; 

Liquids, A Continuous Separator for Or- 

zanic—. 

List of Books Recommended for ‘High- 
School Chemistry Library. . 

Lorentz, Hendrik Antoon—. M. Plank... 

Lorentz, In Memory of H. A.—. V 
I sons 66's 4 ash 06 vee a Cam o%.% 


Magnesium, The Oxalate Method for De- 
W.. T. 


= iglaaied Calcium and—. 
Hall.. 
Magnesium “and " Phosphoric ‘Anhydride, 


The Pyrophosphate Method for the 
Determination of—. A. W. Epperson. 
Making Ammonia from Two Common 
yaseous Elements. C. H. Vivian... . 
Making Maple Sugar. H.G. Walker..... 
Mallinckrodt, Sr., Edward—Obituary..... 
——- Sulfur in Rubber—. D. 


Tw 
NP ee of Artificial Silk with Special 
Reference to Viscose, The—. H. 
S. Clotworthy. 
Manufacturers’ Associz ition and the ‘Public 
Schools, The—. J. Dewey........ R 
Maple Sugar, Making—. H.G. Walker. . 
Marks, A Study of the Relationship of 
Schol: astic Maturity and Scholarship 


as Shown by College—. FE. B. Mer- 
sereau. . 

Material for Science Classes, ‘Commercial 
— oS ee 

Materiz al for Science Instruc tion, “Sources of 
Free—. R.E. Dunbar. : 

Math. and. Science Curricula in ‘Junior 
and Senior —— Schools, The—. C 
V. Good. . 8, Fir en FeO URt e C OCT TT. 

Measurement, Objective—of Teacher 
Traits. B.K. Baker. 


‘Measurements, Educational—,” Review 
of—. 1. R. Maull. 

Measuring the E fliciency of Supervision, 
A Technic for—. L. Brueckner 
and P. Cutright. 


Mechanical Agitator, Ace CG. N. Quam. : 


Medical School, A Seer in Admission 
tothe—. Edit. : NLR ATR ACS 
Medicinals, Silicates as—. i ee Carries 


Melting-Point Apparatus, a ac ed 
Lighting Source for—. Fasce. 
Melting Points, Apparatus for j Sor ort 
ing—. S. Avery 
Memorial Lecture, Arrhenius—J. Ww alker 
Mental Hygiene, Growth through—. W 
H. Burnham. ae 
Mercury Cleaner, ‘An Automatic—. 
Dent. 
Metal, Sprayed— —Forms Protective Coat- 
ing. S.G. Roberts..... 
Metallic State, The—. Wel 
Sn OR ree 
Metallic. Substz inces, ‘The Classification 
of—. W.Hume-Rothery.. 
Metallurscope, The—..... ‘ 
Metals, Alkali Earth—in S 
Solution and Their Use in 
try. A.C. Shead. 
Metals, “The Heat Treatment of Ferrous—. 
C. M. Walter.. 
Metals in Our Foods. 


‘eY 


Hume-Roth- 






seecicns ate 
Alkalime- 


‘Flinn and Inouye. ‘ 


Methanol from Hydrogen and Carbon 
Monoxide. R. L. Brown and A. E. 
Galloway 


Method for Separating A Arsenic from Anti- 
mony, A New—. L. W. McCay..... 





226 
1689 
1354 
1689 
1686 
1351 


1684 
1689 


1023 
1350 
1189 


489 
488 
768 
360 
1683 


492 
1190 


363 


1683 
1355 


768 
1184 
233 
482 
622 
1517 
626 
1520 
1354 


1687 


625 





Method of Training Teachers in Service, 
the Dalton Laboratory Plan, A—. 
L. L. W. Wilson....... 

Methods, Graphical—in Teaching ‘and in 


Research. A. Ferguson............. 
Methods of College Teaching. C. R. 
Wiseman. 


Methods—or the Spirit. of Method? M. 


Mar 

Methods of Appointing University Teach- 
ers. E. Event. 

Methods Used in Determining Phosphorus 
Pentoxide as Magnesium Ammonium 
Phosphate, A Comparison of Two—. 
W. M. McNabb.. 

Micro- Determination of Dissolved Oxygen, 


Apparatus for the—. . G. Thomp- 
son and R. C. Miller. . esitaeters 
Microscope, The Fluorescence—. F. E. 


Challis. . ‘ marie 
Millions, Wasted—. W. if Hale... paserasie’s 
Mine, World’s Deepest—. O. Letcher... . 
Mine of the United States Bureau of 

Mines, The Experimental—. E. 

Greenwald. 

Minor Studies on ‘Objective ‘Examination 
Methods. I. The Negative Suggestion 
Effect of True-False Tests. M. 
Roberts and G. M. Ruch............ 

Modern Alchemy. J.G.F. Druce........ 

Modern Magic. Edit. 

Modified Form of the True-False "Test, 
A—. H. Y. McClusky and F. D. Curtis 

Molecules, Counting—. M. Sherrill...... 


Mongolian Distillation as. E. 
Huber. Er 

Moral Growth, Education for—. M. A. 
Alltucker.. 


Moral Instruction, Counteracting Influ- 
encesin—. E. H. Rogers..... 

Morals, Education and Public—. VK 
Froula. . * 

Moscicki, Ignic, President * of ‘the ‘Polish 
Republic, as Technologist. J. Mil- 
bauer. . 

Most Fascinating Chase on ‘Earth, The—, 
E. Gruening. 

Motion Picture Film Depicting “Hazards of 
Carbon Monoxide Ready for Distri- 


bution, New Educational—. Edit... 
Motion Pictures, Industrial—. Anon..... 
N. E. A. at Minneapolis, The—. J. D. 


Meyer. 

National Defense, ‘Chemical Warfare ‘and 
Its Relation to—. Anon. 

National Defense, The Relation of Chem- 
istry to—. C. Rutenber.. 

National Necessity, A—. D. A. ‘Reed. 

Natural Sciences, The Use of Charts in 
the—. A.C. Noe. 

Nature of Matter, and Its ‘Relation to the 


Ether of Space, The—. O. Lodge.. 
Necessity, A National—. D. A. Reed.... 
Nellis, Edward Granville—. An Appre- 

ciation. M.C. Whitaker............ 
Nerve Function, How Does a—?_ R. W. 

Gerard. . Ree Sree 
New Education ‘Bill, The—. D. A. Reed. 
New Education Bill Itself, The—. Edit. 


New Education in New Russia, The—. 
L. L. W. Wilson. . st 

New Indicating Equipment for Industrial 
pH Measurements. H.C. Parker.. 

New School Year, A—. Edit. 

News and Views. Anon. : 

News from the Front. E. C Broome. 

News-Gathering, Research Plus—. E. “EB. 
Slosson and W. Davis...... eats 

Newton on Gravitation, Sir. Isaac—. F. 
Cajori. eaueiace 

vienna, Economic ‘Symposium Bho 

Nitrogen Conference, The Second Inter- 


sae 


national—. F. E. Bear.. : 
Normal Curve, The Honor "System ‘and 
the—. H.C. Hines.. 





1192 
491 
1691 
764 
764 





VoL. 5, No. 12 


SuBJECT INDEX 





Note-Taking, A cso of—. G. W. 


Estabrooks. . 

Objective Measurement in General Sci- 
ence. C. M. Pruitt. 

a i Measurement of Teacher 

K. Baker..... 

Objective Study of Student Honesty dur- 
ing Examinations, An—. N. Fenton. 

Oil, Reclaiming Used Cylinder—. Edit. 

Opportunities in Summer Schools —1928. 
A. Humphrey.. 

Opportunity ‘Teaching—A. ’ Symposium. 
M. E. Bloom. 

Organic Chemistry, 
in—. J. Reed...... 

ome Liquids, A Continuous Separator 


Traits. 


Teaching ‘of Research 


Outlook for Plastics, The—. J. N. Taylor 

Overproduction in Higher E ducation. B. 
Rudman.. 

Oxalate Method for Determining C 
and Magnesium, The—. 
Hall.. 

Oxidation and. Precipitation "of. Ferrous 
Compounds by Sodium Peroxide. F. 
G. Germuth.. 

Oxygen, Apparatus. for ‘the Micro- Deter- 
mination of Dissolved—. G. 
Thompson and R. C. Miller. . ; 

Oxygen and Hydrogen to Industrial Oper- 
ations, Application of—. Part VI. 
Hydrogen, Nitrogen, and the Electric 
Furnace. F. P. Wilson, Jr.. 


‘aleium 
W.. ¥. 


_ Somers Presi- 
bee 
A. B. Moulton. 
The—. M. 


Parr, Samuel Wilson 
dent for 1928. W. / 
Patents and the MDs 
Pathfinder in the Wilderness, 
L. Spencer. . i ewer oie es 
Pedagogy, Farewell fonts Be ‘DeVoto.... 
Pension Movement in the United States, 
Growth of—. K. J. Knutson.. aes 
Pensions, Teachers’—. J. H. Bev eridge. - 
Periodic Classification of Elements, Teach- 
ingthe—. R.H.LeRoy.. eee 
Periodic System. The Position of the 
Elements of the Rare Earths in the—. 
J. F. Spencer. 
Perkin Medal, Dr. 
with—.. ny pee 
Pernicious Anemia, A Specific for—. Edit. 
pH Measurements, New sles Sy Equip- 
ment for Industrial—. Parker. 
PH of Small Amounts of BE ae A 
Rapid Method for Determining 
Colorimetrically the—. O. W. Rich- 


‘Langmuir Presented 


ice cvemese ans 

Pharmacy in Relation’ 
Mayhew.. : 

Ph.D., What Price the—? 

Philosophy. Three Centuries of Natural—. 

y. Swann. 

Philosophy of Education, The Teacher’ s—. 
G. W. Frazier. . ; 

Phosphate, Magnesium ‘Ammonium—, A 
Comparison of Two Methods Used in 
Determining Phosphorus Pentoxide 
as—. W.M. McNabb.. 

Phosphoric Anhydride, The " Pyrophos- 
phate Method for the Determination 
of Magnesium and—. A. W. Epperson 

Photography, Practical Digest of the 
Year’s Workin—. E. J. W: 

Photomicrographic ig An 
provised C. N. Shaw. 

Physical Chemistry Gaseous Explosions. 
R. K. Schofield. . ‘ 

Physical Chemistry —the "Ez lectronic 
Theory of Valency. R. K. Schofield.. 

Physical — the Doorkeeper. H. 


‘to " Science. E. 


P. Ca 
Pickling, The Theory and Practice of—. 
. V. Blackburn. . 
Picric ‘Acid as an Artificial Standard in the 
Colorimetric Estimation of Silica, 


485 
1686 


895 
229 


624 
894 


489 


625 


621 
1024 


1687 


1686 
1188 
491 
1355 
1026 
892 


The Use of—. 
RGeadin...s0: 
Pinachrom : as a One Color Indicator, 
Jseof—. I. M. Kolthoff 

Place and Problems of Chemistry in the 
High-School Curriculum, The—. M 
F. Stubbs. neces 

Place of Science in 
Edit.... ? 

Plastics, The Outlook for—. 

Plea for Academic High Schools, 

W. W. Comfort. : 

Poisoning, A Curious Case ‘of Antimony- — 
ye ap eee RI TER 

Popular Science. Edit..... 

Popularizing Science, On- — “Ww. 'N. Clute. 

Position of the E lements of the Rare 
Earths in the Periodic System, The—. 
J. F. Spencer. . werent wee 

Potassium, Zirconium Sulfate 
agent for the Detection 
D. Reed and J. R. Withrow. ; 

Potassium Iodate, Volumetric Determi- 
nation of Ferrous Ion by Means of—. 
G. B. Heisig.. 

Potassium Permanganate Solutions, Prep- 
aration and Standardization of —. R. 
P. Hudson. 

Potentiometric “Titration, A Simplified 
Method of Differential—. N. 
Hall, M. A. ‘pees and S. A. aes 
strom. 

Pot-Shots at ‘Colleges. ‘Edit. 

Practical Digest of a” Year's “Work in 
Photography. J. Wal P 

Precipitation, 4 Ai Lom and ’Peri- 
odic—. E.S. Hedges... 

Predictions from High- School - 
ances. E. S. Jones. . 

Predictive Value of the 
Aptitude Placement 
R. M. Bear. . 

Preferred College Professor, Bh fo 
Champlin. . 

Preparation and ‘Standardization of Po- 
tassium Permanganate Solutions. 
R. P. Hudson. : 

Preservation of Food, The—. 
feld. 

Preservative 
H. Zellner.. 

Principles of Tenure. Edit. . 

Profession, Building ine 

Profession, Teaching asa—. F. 

Profession, Teaching as a—. 
Limbach. . 

Profession of Teaching, 
Leonard. : 
Professional Activities, Growth ‘through—. 

M. R. Barnette. 

Professional Courses in the Liberal ‘Arts 
College, The Place of—. I. G. Good 

Professional Training of Teachers, A 
Source of Waste in the—. D. A. 
Wi orcester. 

Professor, ‘Education’ 
G. Wakeham. ‘ 

Professor, The Preferred College- —, 
Champlin. . ; eared 

Professor and His Hire, The—.. 

Professors, The Remuneration and Duties 
of—. Edit. rere 

Progressive Education. 'M. ‘Sny der 

Projects of the Bureau of Educational 
Research, Ohio State anieaiies for 
1928-29 . P 

Prometheus, 
Gruenberg. . seas 

Protecting Teacher's Investments. A. B. 
Henderson. ae oes 

Provisions for Individual Differences. W. 
S. Diffenbaugh. . 

Psychological Aspects. of Committee Ww ‘ork, 
Some—. E. B. South. 

Public Education, State U niv ersities and—. 

. D. Coffman. . Pcdeauescenuud 


E. J. King and C. C. 
“The 
Education, . The—. 


=f: N. Taylor 
A—. 


as a Re- 
of—. R. 


Perform- 


"Physics 
roe 


Iowa 
Test, 


Cob: 
L. Gershen- 
Regulations in Germany. 
i: Coe: 


Hunter. . 


“The—. W. F. 


‘and the Coltege—. 
et D. 


The Chains of—. B. 


1519 
619 


1686 
1354 
896 


365 
624 


1189 
1353 
1685 
492 
1694 
484 
894 
482 
482 


1355 


1357 
a 
488 


624 
233 


493 
482 
1693 
231 
628 
1520 
1027 
897 











1746 


JouRNAL OF CHEMICAL EDUCATION . 





DECEMBER, 





1928 











Public School, What the en Soe 
from the—. N. Eckstein. 
Publicity for Chemistry. Edit. 


Pupil Be even, Should the Dull—? 

L. Hay ‘ 
Purer, Whiter Salt. R.K.Warren....... 
Purification, Water—. A. Houston...... 


Pyrophosphate Method for the Deter- 
mination of Magnesium and Phos- 


phoric “inane The—. A. W. 
Epperson. . ; Sree s teaatare or 
Quack-Doctoring the Colleges. W. B. 
Mutro.. 
fore Analysis, The Teaching ot 
. A. Noyes, Jr 
Susu Separation ‘of Tron. ‘from 


Gallium by Means of Alpha-Nitroso- 
nae Naphthol. J. Papish and L. E. 


Hoa 
Quartz, yp Fused, —Its Uses and Manu- 
facture. R.B erry. saarale 
Questions, Ph Round Table—. A. 


Webers.. 
Questions in General Science, ” Scales for 
Rating Pupils’ Answers to Nine Types 


of Thought—. C. W. Odell.623, 767, 
Race for Sweetness, The—. J. J. Willa- 
man. ‘ sche 
Radioactive "Elements, he— a. oR: 
Ae Reese ee 
Radioactive ‘Nuclei. 'B. Rutherford Reese 
Radium, Hide and Seek with—. R. L. 


Hospital. ; G. 
‘ie. 
“‘The—. 


INN 5-5:0-0'0-in-bie 6 ar4'3:4-4 
Radium at the Memorial 

Failla. Rea SO A rire 
Radium Mines at Jachymov, 
Range of ‘the Scientific "Faculty, 


Rapid. Method ‘for the Detection of Zinc 
in the Presence of Iron, A—. W. H. 
Hammond. 

Rare Earths in the Periodic System, "The 
Position of the Elements of the—. 
J. F. Spencer. . eye ain 

Rating, Teacher—. B.E. Davis... 

Rating the Teaching Effectiveness of Col- 
lege Instructors. H.R. Douglass... . 

Rays, The Riddle of Roentgen—. A. H 
Compton.. serene ete 

Reading, Growth through—. J. & 
nett. 

Reading, Growth through Professional—. 
L. M. Terman ran 





Ben- 


Reading Periods, The—. "" Edit. 
Reading Periods, The—. C. H. Moore.. 
Reason, The Abdication of—. R. Pound. 


Reflection, X-Ray—. J.H.Gable........ 
Relation of Chemistry to National De- 
fense, The—. C. Rutenber.......... 
Relation of Secondary Schools to Colleges, 
The—. A. L. Lowell.. . 763, 896, 
Removal of Rust from Pipe Systems by an 


Acid Solvent. F. N. Speller, E. L. 
Chappel, and R. P. Russel........... 
Remover, A Glass Stopper—. G. N. 
REMMI Sareea cr aia- seta Gig ce varerh eos 4a ee 
Remuneration and Duties of hesieicnaaien 
he—. Edit. See earh 
Report of the Committee ‘on ‘Atomic 
Weights. ee Published 
during 1927, Thirty-Fourth Annual— 
G.P. banter, 
Reproducing Illustrations without : a . Cam- 
era. E. P. Jones... ‘ F 
tes he —— Entrance—. W. 
Fiel Seri Py 
Research, R. D. Reed. . Ke ris 
Research, Foundations, ‘Universities 
and—. H. a Ee ee ere 
Research, Furfural: The History of an 
Industrial—. C.S. Miner........... 


Research, Industrial—, Atomic pane 
as an Aidto—. I. Langmuir... a 


1518 
1024 
484 


1189 


483 


1190 
490 


489 
231 
1687 
627 


486 
1188 
493 





Research, Projects of the Bureau of Edu- 
cational—, Ohio State need for 


1928-29 . 
Research, Teacher ‘Participation in Cur- 
riculum—. R.E. Rutledge......... 


Research, The Testing Movement in the 
Light of Recent—. E. L. Thorndike. 
Research, Unity in—. W.R. Whitney.. 


Research an Educational Asset. A. Ss. 
Hopkins. . ecames 

Research and Chemical Industry. “fH. 
Carr.. 


Research and St atistics in State Depart- 
ments of Education, Bureaus of—. 
H. B. Chapman.. 

Research and the Training ‘of ‘the Re- 
eeeeiies. T..30. BORGO oon ccc iveces 

Research in a Program of Curriculum 
Development, The Place of—. C. H. 
Judd.. 

Research in ‘Colleges. "M. M. “Metcalf. . 

Research in Organic Chemistry, Teaching 
of—. J. Reed.. 

Research in the College, “The Place of—. 
H. N. Holmes. . eats . 

Research Plus News- Gathering. E. KE. 
Slosson and W. Davis.. 


Research Students, Strategical "Periods 
for the Encouragement of—. S. 
Williams. . 

Research to the Classroom. Teacher, “The 
Value of Educational—. C. Woody. . 

Resolutions Adopted at Minneapolis. 
PROSMIIONS COM. 6. i0.0.8.5.¥ic wh oe ent 888 

Restoration of Science, The—. F. S. 
Marvin.. ; 

Results Obtained in a ‘Special | “How to 
Study’”’ Course Given to College 
Students. Wm. F. Book.. : 

Retirement, Sound—. J. O. Peterson. ... 

Retirement Fund Conferences. S. E. 


Fleming. . Tes 
Retirement Fund Policy of ‘the Ww. ‘rE. A., 


The—. S.E. Fleming.. 
Retirement System, Headquarters—. 
Anon. 


Revision of the “Atomic. ‘Weight | of Ti- 
tanium. A,—The Analysis of Ti- 
tanium weasaauihe G. P. Baxter 
and A. Q. Butler. a 

Richards, Theodore William, —Obituary . 

Roentgen — The Riddle of—. A. H. 
Compton 

Roll Call, The ‘Journal’ 's Annual—. 

Romance of nanan The—. 
LaWall.. ee 

Rubber in Engineering. j.v j, Schade. 

Rubber Manufacture, Sulfur in—. 


" Radit. 
Cc. H. 


> eee 
Rumford, Count, Scientist and Philan- 
thropist. L. C. Newell. 


Rust, Removal of—from Pipe ‘Systems ‘by 
an Acid Solvent. F. N. Speller, E. 
L. Chappell, and R. P. Russel........ 


Saccharate Solution, Alkali Earth Metals 
in—and heir Use in pannel 
A. C. Shead. 
Salaries, Teachers’—. F. Fish 
Salaries, Teachers’—J. K. Norton 
A Constructive swngras Ralsrti ta aCe aecereoaubets 
Present Position. . Bras erate Gioia, Save aVere 
The Future. . 
Salaries of College ‘Instructors ‘on. Pre- 


War Basis. J. W. Crabtree.......... 

Salary, TTeachers’—Trends since 1913. 
. Norton. AED a ‘ 

Salt, Purer, Whiter—. R.K. Warren..... 


Salts, The Rapid Analysis of Mixtures of 
Barium and Calcium—. S. Kettle... 
Samuel Wilson Parr—the Society’s Presi- 
dent for 1928. W.A.Noyes......... 
Sanitation, Industrial—. Edit....... ; 
Scale for Instructors, Experimental Data 
on the Purdue Rating—. H. 
Remmers and G. C. Brandenburg. akan 





1693 
1192 


1356 
1191 


895 
1693 


1693 
1191 
1357 

895 

490 
1026 
1192 


1693 
360 
1693 
492 
232 
1192 
765 


Voi. 5, No. 12 


SupyEcT INDEX 





Scales for Rating Pupils’ Answers to Nine 
Types of Thought Questions in Gen- 
eral Science. C. W. Odell. ..623, 767, 

School, The Secondary—. A. T. Fuller. 

School, The Thermometer and—. T. D. 
Wood and E. M. Hendriksen. . 

School, What the Citizen Expects ‘from 

tie Eckstein. . 

School Administration during 1 1927. G.D. 
Strayer.. as tinea 

School Year, ‘A New—. Ed Petre 

Schools, Seeing Other—at Work. ‘HC. 
Den 


Schools, She ‘Manufacturers’ Association 
and the Public—. J. Dewey 

Schools, The Simplified Calendar and 
the—. T.E. Finegan......... 

Schools in Soviet Russia, Experiment—. 

L. Zyve.. i3% 

Science, An Analysis of "Textbooks in 
yeneral—. O. E. Overn, E. Iler, and 
Ao Wlenemaiihe . caret cates. 

Science, Certification Requirements of 
Teachers of Secondary School—in 
Certain Southern and Border States. 
W. W. Carpenter. . errr ree 

Science, Craftsmanship and—. W. Bragg 

Science, Objective Measurement in Gen- 
eral—. C. M. Pruitt.. 

Science, On Popularizing—. 'W. N. Clute. 
Science, Pharmacy in Relation to—. > 
Mayhew. . F iets 

Science, Popular—. ’ Edit... owe 

Science, Scales for Rating Pupils’ Answers 
to Nine Types of Thought Questions 
in General—. C. W. Odell.. .623, 767, 

Science, Specific Study Helps in Exact—. 
A. W. Cronk. . 

Science, Status of ‘General—as Revealed 
through State and City Courses of 
Study. C. M. Pruitt.. 

Science, Teaching of—in Normal Schools 
and Teachers’ Colleges. A. M. Van- 
devoort.. 

Science, The Need for Standards in 1 Courses 
in the bisects of General—. oO. 
Frank. eterna 

Science, The Restoration of—. F. S. 
Marvin.. ‘ ar Oohatacl ae hare cra avers 

Science and Ethics. e. B.S. Haldane..... 

Science and Industry. G. Grey. Rare ceaers 

Science and Leadership. 

Science and the Hesanition, 

Science and the Wealth of Nations. 

E. Hale. 

Science Books i in the High- ‘School Library. 
B. C. Hendricks. . 

Science ‘Classes, Commercial “Material 
for—. Anon.. eesraiters 

Science Department Meeting. Be Brodell 

Science in Education. H.H. Vannorsdall. 

Science in Education, The Place of —. Edit. 

Science in English and American Schools, 
Elementary—. C. M. Pruitt. 

Science Instruction, Sources of Free Ma- 
terialfor—. R.E. Dunbar.. ar 

Science in the New Curriculum. — ER. 
Downing..... er atereneres diane 

Science Instruction ‘at Seattle. "Dept. S68 

nstr., N. E. F warinota 

Science Library, ‘for. ‘1928, “The  High- 
School—. A. Webb.. 

Science of Colloids and Its Applications, 
The—. H. Braidy f 

ings of Common Things, ‘The—. J. R. 


nt. Macs 
Science Problem, ‘The High- “School—. A. 
Monahan. . 

Science Teaching in the Successive ‘Stages 
of the Secondary School, The Aims 
and Methods of—. N. J. W. Phillips. 

Sciences, America’s Influence hoa ho De- 
velopment of the—. J. Ma 

Sciences, Teaching of the—. N. MM. Butler 

Sciences, The U Use of Charts in the—. A. 

oe eeieans 


Sciences, What Group of—Does Sigma 
Xi Represent? H.Crew..... vee 

Scientific Attitude, bine the—. C. 
E. Baer. r 

Scientific Discovery, “The Réle of the 
Amateurin—. H. P. Gillette....... ‘ 

Scientific Education. F. B. Jewett 

ee Faculty, The Range of the—. 
Edit : » ‘ , 

Scientific Fantasies. 'D. W. Hering. 

Scientific Knowledge, The Evolution of 
Industry as Related to the Evolution 
of—. R.E. Rose.. 

Scientific Method Training in Schools ‘and 
Colleges. R. Saxon.. 

Scientific Thinking, The Elements ‘and 
Safeguards of —. . R. Downing.... 

Scientist, The Fun of g BR a—. J. O 
Perrine. . 

Scientists, 
Merritt. 

Search for Chlorophy! and for the Vita- 
mins, Our—. F. M. Schurtz......... 

Secondary School, The—. A. T. Fuller... 

Secondary School, The Aims and Methods 
of Science Teaching in the Successive 
Stages of the—. M. J. W. Phillips.. 

Secondary Schools to Colleges, The Rela- 
i A. L. Lowell... .. .763, 896, 

Secret Processes. B. B.Schneider........ 

Seeing Other Schools at Work. H. C. 
Dent. Ate 

Senior Colleges in a College jo Liberal 
pai The Junior and—. J. 3. John- 
sto: 

Seoncamer for ‘Organic Liquids, A Contin- 
uous—.... 

Seven Lamps ‘of. ‘Chemical _ Enterprise, 
The—. C. T. J. Cronshaw. ‘ 

Shall College Doors Be Closed? 

Sidelights and Impressions of the World 
Federation of Education Associations. 
M. B. Strecker. . 

Significance of the Junior College Move- 
ment, The—. L. W. Smith. 

Silent but Forceful Influence, A— ES 
Weccconcutesnectcetvercececenes 

Silica, The Use of Picric Acid as an Arti- 
ficial Standard in the Colorimetric 
Estimation of—. * I vey and C. 
C. Lucas. . a 

Silicates as Medicinals. E dit. 

Silk, The Manufacture of Artificial—with 
Special Reference to Viscose. H. 
S. Clotworthy. . meee 

Simplified Calendar ‘and ’ the “Schools, 
The—. T.E. Finegan. ee es 

Sir James Colquhoun Irvine. 3 W. E. 
Glattfeld. . en = 

Smith, Edgar Fahs—. he ‘Kendall. . “ 

Soap Manufacture, The Art oe. » F 


Learned Men and—. D. 


GUC oxo coe eae Rac tee es 
Social Measures of Education, The—. L. 
OIC < c4ccbuae neteuresed han 
Socialistic Trend in Education. G. D. 
Darte. . : 
Sodium, A Specific Reagent for the Rapid 
jravimetric Determination of —. 
H. Barber and I. M. Kolthoff........ 

Sodium Alum. H. Leffmann and L,. Ww. 
Strock. . Sues 

Sodium Hydroxide, “Tenth-Normal—. C. 
J. Schollenberger. . rye 

Sodium Peroxide, Oxidation and Pre- 
cipitation of Ferrous Compounds by—. 
F. G. Germuth.. P 

Solutions, Preparation and Standardiza- 
tion of Potassium Permanganate—. 
R. P. Hudson.. 

Solvent goad in “Extraction “Work. 
C. N. Shaw.. 

Solvents, A New “Equilibrator: ‘A Device 
for the Determination of the Distri- 
bution Ratio of a Volatile Solute be- 
tween Two Miscible Solvents. G. 
Jones and B. B. Kaplan 


488 
1190 
767 
1021 
= 


366 


225 
1351 
105 
628 
482 
1691 
894 


1519 
1190 
492 
897 


620 
1191 


766 
492 
1p3 
1020 
1686 
1189 


1189 


1189 
1185 





1748 


JOURNAL OF CHEMICAL EDUCATION 


DECEMBER, 





A. Webers 


Some Round Table Questions. 
The—. 


Sources of Ethical Character, 
Edit. 

Sources of Free Material for Science In- 
struction. R.E. Dunbar 

Specialize or Not to Specialize, To—That 
Is the Question. R. A. Gortner 

Spectra and Atoms. Anon.. 

Sponge. Its History in Medicine with a 
Brief Account of Its Habit and Struc- 
ture. J.T. Lloyd... i 

Spontaneous Generation under the Im- 
perium. J.G. Wolcott. 

aan Metai Forms Protective Coating. 

S. G. Roberts. . . 

Squaring the Ends of Glass "GN. 
CBR. 6. a0. Diath ole eia big aus 

Staining, History ‘of—: Cochineal Dyes. 
H. J. Conn and S. I. Kornhauser 

Standardized Mental Test versus an Un- 
standardized English Test as a Means 
of Predicting Success in College Eng- 
lish. ‘T. M. Carter.. : 

Standards in Courses in the Teaching of 

yeneral Science, The Need for—. 
J. O. Frank. . 
State Universities ‘and Public ‘Education. 
D. Coffman. : pie 

Statistical Survey of "Education. F. M. 
Phillips. 6 

Statistics in State Departments of. E duca- 
tion, Bureaus of Research and—. a. 
B. Chapman.. 

Status of General. Science as Revealed 
through State and City Courses of 
Study. C. M. Pruitt. 

— Industry of Ohio, The Iron and—. 

V. McGill.. ; 

een A New Vacuum—. vt 'p. ‘i. 

rivelli. . : — 

Stopper Board, Ka ‘Cork “and—. "M. G. 
McHenry.. 

Stopper Remov er, 
Quam. 

Storage Magazine Be ‘Illuminated, 
Should a—? Anon. ; 

Strategical Periods for the E ncourage ment 
of Research Students. S. R. Williams 

Structure of the Atom, The Inner—. J. 
Patrick.. are 

Student Government in ‘High ‘School. A. 
B. Ness.. 

Students, Faculty 


‘Tubing. 


‘A Glass—. G. N. 


“How 


‘Advisers of—and the 
Personnel Office. F.S. Jones........ 

Students, Too Many Collegesand—. Edit. 

Students as Reported, Are the Colleges 
Turning Away as Many—?_ Edit.... 

Students in the Graduate School, The 
Work of—. 

Students’ Self-Scoring Card, A Review.... 

Studies on Gossypol. E. P. Clark........ 

Study, Teaching. the Art of—. W. J. 
O’Shea. . 

Study Helps in E ‘xact Science, Specific—. 
A. W. Cronk 

Study of the Relationship. of Scholastic 
Maturity and Scholarship as Shown 
by — Marks, A—. E. B. Mer- 
sereau. : 

Subsequent History “of E- 
after the Initial Report. 
lingsworth.. Bevoaieten 

Sulfur in Rubber Manufacture. D. F. 
a Es....s- J i 

Summer Schools, Opportunities 

1928—. A. Humphrey 

Sunlight in Industry. L. V. Dodds....... 

Supervision, A au for Measuring the 
Efficiency ot—. . J. Brueckner and 
YP. Cutright. . Gwe aie 

Supervision in the “High ‘School. B. F. 
Quigg..... 

Supervision of Instruction in Higher Edu- 
cation. W. F. Sanders. 

Survey of Education, Statistical—. F. M. 
Phillips. : ert eae: 


"Years 
Hol- 


: Fen 


L. S. 


in— 


484 
483 


766 
897 
1519 


1693 


623 
1687 
1020 
1184 
1188 

490 
1693 
1353 


Svante August Arrhenius 1859-1927. W. 
. Noyes, Jr. 
Sweetness, The Race ‘for—. 
man. ave 
Symposium, “Combustion—. . eck eae 
P. Firmin......... 
a, (GoW 


Je “Willa- 


Synthetic Ammonia. 
System of Note- iceeaied 
Estabrooks. . “ 


Tar and the Future of Wood Distillation, 
Hard Wood—. A. Karolyi 

Taxpayer and the Junior College, The—. 
A. M. Frazier. . 

Teacher, Suggestive Attributes ‘of the Suc- 
cessful—. F. T. Beck.... 

The Value of Educational Re- 

the Classroom—. 


Teacher, 
search to 
Wood 

Teacher, What Is ‘Expected ‘of the Mod- 
ern—? H. Charlesworth 

Teacher, Who Is a Good—?  F. L. Copper 

Teacher Participation in Curriculum 
Research. R. E. Rutledge.. ars 

Teacher Rating. B.E. Davis.. 

Teacher Service, ae a Chinese Wall 
around—... 

Teacher Training, An Interpretation ‘of—. 
edit . 

Teacher Training, “Two. Main Objectives 
in—. J. H. Dillard 

Teacher — Objective Measurement 
of—. B.K. Baker.. ‘ 

Teachers’ ganaei ene Protecting—. WK, 
B. Henderson. 

Teacher’s Philosophy ‘of Education, The—. 
G. W. Frazier.. 

Teachers, A Source “of “Waste in the Pro- 
fessional Leip of D. A. Wor- 


cester. : 

Teachers, Blue “Laws “for School—. |S. 
Ewing...... 

Teachers, Certification ‘Requirements ‘of 
of Secondary School Science in Certain 
Southern and Border States. W. W. 
Carpenter.. Pea ace i saa es ob Benet ers 

Teachers, Clerks for—. P. A. Maxwell... 

Teachers, Enlistment and Training of 
College—. O.E. Randall.. oe 

Teachers, How One Food Manufacturer 
Coéperates with—. M. F. Brown. 

Teachers, Methods of repenneene Univer- 
sity—. E. Event. ae 

Teachers, Teaching—. “W. M. Lewis.. 

Teachers, The Training of —— F. 
J. Kelly.. ‘ 

Teachers, The University as a Training 
School for College and aenieeedili 
V. T. Thayer. ...... Re aionscs 

Teachers in Service, Improving—. “FLD. 
Boynton. . 

Teachers in Service, ‘the Dalton Labo- 
ratory Plan, A Method of _———* 
L. L. W. Wilson. 

Teachers’ Pensions. 

Teachers’ Salaries. F. Fish 

Teachers’ Salaries. J. K. Norton 

A Constructive Pnaee 
Present Position. Shaver 
The Future.. 

Teachers’ Salary Trends since 1913. 
Norton... , 

Teachers than Jobs, More—. Edit 

Teaching, Better—in High Schools. is “L, 
Tildsley.. P 

Teaching, Chemistry—in " Nebraska. B. 
C. Hendricks and J. S. Chambers. . 

Teaching, College—. E.H. Wilkins...... 

Teaching, Factors Contributing to Success 
in College—. F.S. Breed.. 

Teaching, Pocalty Self- Survey and the 
Improvement of College—. 
Eckhardt. Seek 

Teaching, Methods of College. c. 
Wiseman.. 

Teaching, Opportunity—A _ Symposium. 

M. E. Bloom.. 


aE aH Beveridge. 


























VoL. 5, No. 12 SuBJEcT INDEX 1749 
Teaching, The Profession of—. W. F. Textbooks in Secondary School —— 
Leonar 482 Technical Terminology of—. S. 
Teaching, Things I “Have Learned during Powers... 367 
Ten Years of—. B.B. Hurlburt.. 1523 Theory and ‘Practice of Pickling, The—. 
Teaching as a Profession. F. Hunter..... 484 P. V. Blackburn. . ane 892 
Teaching asa Profession. R. W. Limbach 9894 Thermometer and School, ‘The—. T.'D. 
Teaching Children Self Reliance. J. H. Wood and E. M. Hendriksen. . 367 
Robinson. are 482 Things I Have Learned during Ten Years 
Teaching Effectiveness. ‘of College In- of Teaching. B.B.Hurlburt.. 1523 
structors, Rating the—. H. R. Three Centuries of Natural Philosophy. 
Douglass. Ge ice. NOE W. F. G. Swann.. 766 
Teaching’ from the Blackboard. G. C. Time Allotment, A Comparison of the—of 
Myers.. 1684 Subjects in Elementary Training 
Teaching Freshman | Chemistry’ ‘to “Agri- Schools and in Elementary Public 
cultural Students. C. H. Peters..... 1021 Schools. W.D.Armentrout........ 366 
Teaching High-School Chemistry, The Titanium, A Revision of the Atomic 
Demonstration Method versus the Weight of—. The Analysis of Ti- 
gaat Method of—. W. W. tanium Tetrabromide. G. P. Baxter 
Knox.. 3 487 and A. Q. Butler. . 625 
Teaching in “the Successive Stages ‘of the Titration, A Simplified “Method of Differ- 
Secondary School, The Aims and ential Potentiometric—. N. F. Hall, 
Methods of Science—. M. XL WW. M. A. Jensen, and S. A. Baeckstrom.. 1519 
Phillips. ae 1021 Titration, Simple Apparatus for Use in 
Teaching lank of the Beginner in ‘High Colorimetric—. E. B. Powers....... 1515 
School, The—. FE. W. Anderson. 1694 To What Extent Should College Students 
Teaching of General Science, The Need Pay the Cost of Education? T. 
for Standards in Courses in the Arnett. sees, Sean 
J. O. Frank.. PRP Se 766 Too Many Colleges and Students? Edit. 228 
Teaching of Quantitative ‘Analys sis, The—. Tools for the Intellectual Life. B.DeVoto 1693 
. Noyes, Jr.... 619 Training, wo Main Objectives in 
Teaching ‘of Research in Organic Chemis- Teacher—. J. H. Dillard........... 623 
try. J. Reed 490 Training in Schools and Colleges, Scien- 
Teaching of Science _ in Normal ‘Schools tific Method—. R.Saxon........... 1025 
and Teachers’ panies A. Training in Science, University—. Edit. 233 
M. Vandevoort. 481 Training of College Teachers, Enlistment 
Teaching of the Sciences. N. M. Butler.. 764 and—. O.E. Randall.............. 894 
Teaching Profession, Permanent Member- Training of College Teachers, The—. F. 
shipinthe—. C.F. Arrowood....... 1523 Pe MOU as secs se ca wasn cena say eel 360 
Teaching Teachers. W.M. Lewis........ 627 Training of Teachers, A Source of Waste 
Teaching the Art of Study. W. J. O’Shea. 104 in the Professional—. D.A. Worcester 1357 
Teaching the Periodic Classification of Training of the Researcher, Research and 
Elements. R.H.LeRoy.. pd 489 e—. T.H. Eaton.. 1191 
Teaching the Scientific Attitude. C. E. Training School for College ‘and Univ ersity 
Baer.. 2 896 Teachers, The U abated as a—. 
Technic for Measuring “the ‘Efficiency of hayer. . 361 
Supervision, A—. LL. J. Brueckner Training Teachers in Service, the Dalton 
and P. Cutright. . 360 a Plan, A Method of—. 
Technical ‘Terminology * of “Textbooks | in . W. Wilson. . - 1192 
Secondary School Science. S. R. Teun Concerning—. "Edit. . 1356 
Powers. 367 Triatomic Hydrogen, An Attempt 'to Pre- 
Temperature, “A Method of Determining ely H. M. Smallwood and H. C. 
the Absolute Zero of—. J. R. Cotter 1352 Ur 626 
Temperatures. Edit. ... ccae eee Tri- Craviins at the James ‘Madison ‘High 
Temperatures Recorded ‘in Uncle Sam’s School. A.M. Clark.. 485 
Test Fires, High—. G. F. Dacy..... 1686 True-False Test, A Modified Form of the—. 
Tenth-Normal Sodium aapaumaneanatel €,. I. Y. McClusky and F. D. Curtis..... 230 
J. Schollenberger. . 1189 True- False Tests—Success or Failure. W. 
Tenure, Principles of—. Edit. 492 M. Perry.. 104 
Terminology, Technical—of ‘Textbooks Two Main Objective es in ‘Teacher Training. 
in ery School Science. S. J. H. Dillard. . 623 
Powers.... 367 Types of Thought ‘Questions in General 
Terms, Classical Origins ‘of ‘Scientific—. Science, Scales for Rating Pupils’ 
G. Lodge. . ? 367 Answers to Nine—. C. W. Odell 
Test, Standardized Mental—versus an 6 d4kew ARES Ok Wages ode ede 0c cee ee 
Unstandardized English Test as a 
Means of Predicting Success in Col- “U” Tube, The ‘“‘A’’ Tube—An Improved 
lege English. T. M. Carter.......... 225 Form of—. A. O. Jones and F. Hob- Ms 
Test, The Predictive Value of the Iowa Re ee er er re 487 
Physics Aptitude Placement—. R. Units of Measure and Weight for Scientific 
M. Bear.. 365 and Technical Uses, The nipueneiai of 
Testing Movement i in the Light ‘of. Recent English—. S. Russell. 231 
Research, The—. E. L. Thorndike. 1356 Unity in Research. W.R. Whitney. . 1191 
Tests, True-False—, Success or Failure. Universities, Criticism of Modern Colleges 
W. M. Perry.. 104 and—. J. W. Crist. 367 
Tests Made by High-School ‘Teachers, Universities, State, and Public Education. 
Some Faults Common in Informal L. D. Coffman... ; 897 
Objective—. B. Lee 1023 Universities, The Influence. of. German— 
Textbook of Chemistry, The Vicissitudes over the American in the Last Hun- 
of Boerhaave’s—. T. ee 892 dred Years. C.F. Thwing.. 624 
es ag = ser Material in Science—. Universities and Research, Foundations—. 
L. Me 481 . Laski.. 1523 
Texte, g the Best—. F. X. Universities and Their Function. A. N. 
Goulet. . 1021 Whitehead.. 893 
Textbooks in General Science, An. Analysis University as a Training School or Col- 
of—. O. E. Overn, E. Iler, and A. lege and ee: Teachers, The—. 
Heinemann... virus vece (eee V. T. Thayer. . q F Ra 361 























1750 JOURNAL OF CHEMICAL EDUCATION DECEMBER, 1928 
University, The Function of the—. G. J. a World’s Deepest Mine. O. Letcher....... 768 
Pang... +. Saker cate ‘ - a 
University Training i in “Science. "Edit. a's 233 X-Ray Reflection. J.H.Gable.......... 892 
Urea, 1928, Friedrich Wéhler and—. Edit. 1355 Zinc in the P, aie 
Utilizing Waste. G.Temple............. 491 a for the Detection s ~, 
Vacuum Distillation in the Searenteny, mas Seen aoe as a "Reagent. for iin 1189 
Notes on—. 1. McDowall. 763 Detection of Potassium. R. D. Reed 
Vacuum Stopcock, ‘A New—. A. P. H. and J. R. Withrow 1020 
Trivelli.- "1090 ie Retreat: coven nsne attire 
Valouey, The E lectronic Theory aR ot 
. Schofield. . 1355 Books Reviewed: 
Value * of Educational ‘Research to the 
Classroom Teacher, The—. C. A B C of Hydrogen-Ion Control, The—, 
Woody... 360 by W. A. Taylor.. 245 
Vaporization of Water, The Boiling Point Pr of Scientific and Technical 
and the Latent Heat of—. J. B. Publications from the M. I. T. Nos. 
Nathanson. . pivareaiece te. ae 1&2.. ee ee | 
Vat Colors. W. M. ‘Scott. 367 Acid Baths, Automatic Control ‘of—. 
Views, Newsand—. # 27, 628 Bulletin No. 500. Leeds and Nor- 
Vitamins, Our Search fe tues and thrup Co.. 1713 
_ forthe—. F.M. Schurtz...... 1190 Analysis, A Textbook of Elementary Quali- 
Vitamins, ‘The—Biochemistry—. R. 5 ¥) tative—, by C. J. Engelder.. 903 
Cannon. -+.. 1354 Analysis, Essentials of Qualitative ‘Chemi- 
Volta, Allesandro—and__ His Times. G. a cal—, by J.C. Ware...... 1706 
Cau .- sessereccceccece 1522 Analysis, Secikauneehe Chemical—. ° Vol. 
: ‘ me . Colorimetry, by J. H. Yoe........ 1088 
Wanted—A Word to Replace ‘Believe. Analyste, Quantitative Chemical—, by 
E. C. L. Miller. . nay: 767 M. Allen.. : 371 
Wanted, New Bottles for Old Wine. R. : Annual Survey of American Chemistry. 

H. Adams.. -.. 9862 II. July 1, 1926-July 1, 1927, 
Warfare, By- Products of Chemical—. : ¥ Edited by C. J. West. 374 
FIGS... «.. .. 1520 Apparel, Wearing—: Its Manufacture, 

Warfare, Chemical—and Its Relation to Utility, Selection and Care. Univ. 
National Defense. Anon.. 766 of Pgh. Radio Publ..... 777 
Warfare Service, A Brief Resumé of the Art and Principles of Chemistry, Essays 
Chemical—Boll Weevil  Investiga- on the—, by H. E. Armstrong. . 112 
tion. H.W. Walker.. ....++. 484  Atomstruktur und Atombindung, by J. 
Wash Bottle, A Convenient—. C. a Stark.. 3 1202 
Schollenberger. . .---+ 1187 Automatic Control of Acid Baths. | Bulle- 
Wash Bottle, A Non-Spattering Semi- tin No. 500. Leeds and Northrup Co. 1713 
Automatic—. N.S. Serinis.. 1186 Avicennae de Congelatione et Congluti- 
Was a F. Amthor.. 1186 natione Lapidium, by E. . J. orneen 
Wash Bottle, The Dripless—. H. Spurrin 1187 and D. C. Mandeville. . 371 
Waste, Utilizing—. G.Temple.......... 491 
Waste in Professional Education. R. E. Beginning Chemistry and Its Uses, by 
RD eee ware ders niernc dh owe ses nics 5: | F. C. Irvin, B. J. Rivett, and O. Tat- 
Wasted Millions. W. J. Hale............ 229 AE RIE R Orsirh Spanien era 243 
Watch Glass, ANew—. C.E. Irion...... 1185 Bibliographic Series, Mellon Institute of 
Water, Distribution of Hard and Soft—.. 1024 Industrial Research—. First Supple- 
Water, The Boiling Point and the Latent ment to Bull. No. 2, by L. Heation.... 1034 
Heat of Lnenanninn of—. J. B. Biophysics for Students of Biology and 
Nathanson. . ‘ocean Ce Medicine, Physical Chemistry and—, 
Water Purification. A. Houston......... 1025 by M. Steel.. 372 
Water-Tight Compartments of Education. Brief ‘Outline of the History of. Science, 
W. B. McDaniel. Cease ace ke 896 A—, by J. G. F. Druce. ; 241 
Weaknesses of the Small ‘High arene 
The—. J. Roemer.. soe «19 Cogieae The Modern—, by W. P. 
Wealth of Nations, Science ‘and ch: G. Whit ae 902 
RE. Hale...... 230 Chemical % lements and Their Compounds, 
Weight, The Deficiency. of ‘English Units The—, by J. A. V. Butler.. 113 
of Measure .and—for Scientific and Chemical Treasures of the Forest, » by 5 
Technical Uses. S. Russell.. 231 E. Wise. . «> eH 
What Group of Sciences Does Sigma Xi Chemistry, by J. E. ‘Stannard. 110 
Represent? H. Crew. 895 Chemistry, An Introduction to ‘General—, 
baien* Is Expected of the Modern Teacher? by W. M. Blanchard. 1201 
H. Charlesworth. . pons 622 Chemistry, General—, by A. T Lincoln 
What Is Wrong with Education? oO. C. and G. B. Banks... 1200 
Lester. . 484 Chemistry, General—, ‘by “TP.” Me- 
What Place Have Educational Courses in Cutcheon and H. Seltz..... 497 
a _— Arts a ae H. Sin- Chemistry, Industrial—. E. tre Riegel. 1709 
clai 4 : me 232 Chemistry, Introduction to Physiologi- 
What Price the Ph. D.? “Anon.. ai 226 cal—, by M. Bodansky. . 1199 
White Pine Blister Rust in Michigan. BD. Chemistry, Laboratory Manual of ’Physio- 
J. Stouffer. . AS .. 1520 logical—, by M. Bodansky and M. S. 
Who Is a Good Teacher? F. L. Copper... 1694 BMS icc cs en orusonee > Tee 
Who Should Go to College? F. L. McVey 105 Chemistry and Physics, Handbook of—. 
Willard Gibbs, An Appreciation. J. by C. D. Hodgman and N. A. Lange... 241 
Johnston. . 620 om hig Hydrocarbons, The — 

Wine, Wanted, ‘New Bottles for Old—. y A. E. Everest. 373 
R. H. Adams. oe B 362 cond Chemistry, Laboratory Manual 
Wohler, Friedrich, and. Urea, 1928. Edit. 1355 of—, by H. N. Holmes... . 777 

Wood Distillation, Hard Wood Tar and Colloid Symposium Monograph. * “Vol. V. 
the Future Gt. Ae a) ts 1025 Edited by H. B. Weiser.. Pechews 633 

World Bureau of Education, A—. G. W. Colorimetry, Photometric “Chemical 
Luckey. . pate pass 231 Analysis. Vol. I—, by J. H. Yoe..... 1033 



































Vou. 5, No. 12 SuBJEcT INDEX 1751 
Compounds, The Chemical Elements and History of Chemistry, Outline of the—, by 
heir—, by J. A. V. Butler. . 113 N. W. Rakestraw. 498 

Constants and Some Mathematical ‘Fune- History of Science, A Brief ‘Outline of 
tions, Tables of Physical and Chemi- the—, by J. G. F. Druce.. 241 
cal—, by G. W. C. Kaye and T. H. Hydrocarbons, The we Coal-Tar—, 
Masks es vi ce aeeet ak Che ae ae eee A. E. Everest.. ae 373 

Course of Study in Chemistry for the Hydrogen-Ion Control, ‘The A B C of 
Senior High School. State silo —, by W. A. Taylor.. ates 254 
Public Instruction of N. J.. 1712 

Creatine and Creatinine, by A. Hunter.. 902 Indicators, Radio-Elements as—and Other 

Curriculum, The Development of the Selected Topics in Inorganic Chem- 
High-School—. Dept. Superinten- istry, by F. Paneth. wala 631 
Gee eo Be ccscccceesiscaeness' ORS Industrial Chemistry, by E.R. Riegel. . 1709 

Industrial Research Bibliographic Series, 

Dairy Science, Fundamentals of—. Asso- Mellon Institute of—. First Supple- 
ciates of L. A. Rogers... Par 632 ment to Bull. No. 2, by L. Heation... 1034 

Determination of Hydrogen ‘Tons, “The—, Inorganic Chemistry, Oxidation-Reduction 
by M. Clark. 1362 Reactions in—, by E. R. Jette... ‘ 111 

Dev elopment of the High- School Curricu- Inorganic Chemistry, Radio-Elements as 
lum, The—. Dept. of seamen’ Indicators and Other Selected Topics 
ence, N. E. 1711 in—, by F. Paneth.. 631 

Diet, The Normal—, by W. D. Sansum. 1200 Inorganic “Chemistry and ‘Elementary 

Qualitative Analysis, Laboratory 

Educational Research, Ten Years of—, Manual of—, by C. C. Hedges and H. 

1918-1927, by W. S. Monroe, ef al.... 1713 R. Brayton. . acct 241 

E lectronic Theory of E Paes The—, by Introduction to General Chemistry, An—, 

N. V. Sidgwick. . 373 by W. M. Blanchard.. 1201 

Elementary Laboratory “Experiments _ in Introduction to Physiological Chemistry, 
Organic Chemistry, by R. Adams and by M. Bodansky. . : 1199 
J.R.Johnson...................... 1708 Introduction to the Chemistry of Plant 

Elementary Organic Chemistry, by H. Products, An—. Vol. I. P. Haas 
Adkins and S. M. McElvain..... . 1032 and T. G. Hill. . reeeees 1706 

p Ss é 

Biomentery ay Syn Course of 244 Kelvin Bridge, Students’—. Bulletin No ne 

Elements and’ Their Compounds, The 434, Leeds and Northrup Co........ 1713 
Chemical—, by J. A. V. Butler....... 113 

Euginerting, Principles of Chemical—, by Laboratory Experiments in Organic Chem- 

Ww. Walker, W. K. Lewis, and W. a i E es by R. Adams and = 
H. BP ; 774 R. Johnson. . 1708 

Essays on the Art and Principles of Chem- Laboratory Manual of Colloid Chemis- Joe 
istry, by H. E. Armstrong.. 112 try, by H. N. Holmes. ... rr 

Essentials of Qualitative Chemicz ab Analy- Laboratory Manual of E lementary ’Physi- 
sis, by J. C. Ware. ; 1706 cal Chemistry, by E. Mack, Jr., and as 

Examinations and New-Type Tests, Tra- W. G. France. . 1708 
ditional—, by C. W. Odell... . 1710 Laboratory Manuz al of High- School Chem- 2 

Exercises in General Chemistry, by ‘CM. istry, by G. H. Bruce. 1711 
1S ep ee ies 499 Laboratory Manual of Inorganic Chemis- 

Explosives, Nitroglycerine and tro- OT ee tedecent tt a Be or 041 
. ine— Je ee) 36: sis, by C. C. He Ss -R. Brayton.. 2 
ae See. ae 1968 Laboratory Manual of Physiological 

Fatigue, The Factors Governing Speed and —: by M. Bodansky and M. iid 
Recovery from—. Muscular Move- Eat S. Fay RMsthods of 1 anie Ch 1199 
meat ia Man by A.V. Hil........ 110 Mabaratory Mesboda of fnorganie Chem 

Forest, :c. Treasures of the—, by ‘wie (Tr. by 1 W. T Hall aid A A. Bian. 

Hn ay) IIS = chard 1531 

Fundamentals of Dairy Sc Science. |“ Associ- 632 Leaves from the Notebook of the Chemist. 

8 se ie Radio Pub. No. 35. Univ. Pitts- 

Comget S Chemistry, by A. T. Lincoln and burgh.. : FO IE ot ate 500 

¥ Banks.. 1200 —_ 

General Chemistry, ‘by TP. “McCutcheon Making of «Chemica ‘he aia ae 242 
and H. Seltz. 497 Mathematical Preparation for Physical ~ 

yeneral Chemistry, “An Introduction ‘ee Chemistry, by F. Daniels. y 497 
9 see g 
ih Chemistry, Sadie tm, be es: 1201 Measures Persisting in Metric-System 
y> y Europe, 1926-1927, Vestiges of Pre- 
M. ; het 499 Metric Weights and—, by A. E. a 

Glass Blowing, ‘Laboratory—, ‘by F. ce, Kennelly... 2 ae 1203 
Frary, c. S. Taylor, and J. D. ; Mechanism of Homogeneous Organic Re- 
Edwards.......-. 06-0 ssee sees eens 903 actions from the Physical-Chemical 

Standpoint, The—, by F. O. Rice.... . 370 

Handbook of Chemistry & Physics, by Mellon Institute of Industrial Research 

D. Hodgman and N. A. Lange..... 241 Bibliographic Series. First Supple- 

High h-School, Course of Study in Chemistry n.ent to Bull. No. 2, by L. Heation. 1034 
for the Senior—, by State Dept. Pub. Metallography, Principles of—. R. S. 
Instruction, N. J. 1712 Williams and V. O. Homerberg....... 631 

High-School Chemistry, by 'G. H. Bruce. 1530 Metric-System Europe, 1926-1927, Ves- 

High-School Chemistry, Laboratory Man- tiges of Pre-Metric Weights and 
ual of—, by G. H. Bruce.............. 1711 Measures Persisting in—, by A. E. 

High-School Curriculum, The Develop- Kennelly 1203 
ment > on Dept. Superintendence, i M. I. ‘fF. , Abstracts of ¢ Scientific and Tech- 

eee wee 7 nical Publications from the—. Nos. 

Higher Coat Tar Hydrocarbons, “The—, Da ae 600650 db on bk ae bees ete | eee 

by A. E. Everest. BAe 73 Muscular Movement in Man: ‘The Fac- 

Histones, The Protamines and—, by A. tors Governing Speed and p neers 
Kossel. . Seah es Rares (1 from Fatigue, by A. V. Hill 110 








1752 


JOURNAL OF CHEMICAL EDUCATION 


DECEMBER, 





1928 





National Research Council, Reprint and 
Circular Series of the—... . - 
New-Type we in Chemistry, by 


Cc. G. Coe : ; 
Newton, Sir Tsaac—1727_1997. Edited by 
F. E. Brasch.. ; 
Nitroglycerine and " Nitroglycerine Eex- 


plosives, by P. Naoum... . 
Normal Diet, The—, by W. D. Sansum. 
Notable New England Chemists, uh L. ¢c. 
Newell and T. L. Davis. x Sac 
Nutrition, by W. H. Eddy.. 


Organic Chemistry, by J. B. Conant.. 
Organic Chemistry, es. 
Adkins and S. M. McElvain.. 
Organic Chemistry, Elementary “Labora- 

tory Experiments in—, by R. Adams 
and J. R. Johnson.... 
Organic Chemistry for Advanced Students. 


by H. 


Part I. Reactions. Part II. Struc- 
ture. Part III. Synthesis. a B. 
Cohen. . 


Organic Chemistry, Recent, Adv ances in—, 
Vols. Iand II. W. Stewart. 

Organic Reactions, “ihe Mechanism of 
Homogeneous- from the Physical- 
Chemical Standpoint, by F. O. Rice. 


Outline of the History of veusennisiiis by N. 
. Rakestraw.... seeneneverers 
Oxidation- Reduction Reactions in Inor- 
ganic Chemistry, by E. R. Jette....... 
Phase Rule and Its Application, The—, by 


A. Findlay. 
Photochemistry, First Report of, the Com- 


— on—, by . Taylor, Chair- 
ma ee ; : 
Pinseantiie Chemical ‘Analysis. “Vol. it 
Colerimetry, by J. H. Voe..... 22... 
Physical-Chemical Standpoint, The 


Mechanism of Homogeneous Organic 
Reactions from the—, by F. O. Rice.. . 

Physical Chemistry, Laboratory Manual 
of er by E. Mack, Jr., and 
W.G. France. 

Physical Chemistry, Mathematical Prepa- 
ration—, by F. Daniels..... 

Physical Chemistry, Theoretical and Ex- 
perimental—, ae J. C. Crocker and F. 
Matthews....... 

Physical Chemistry. and ‘Biophysics for 
Students of Biology and Medicine, by 
M. Steel. 

Physics, Handbook of Chemistry ‘and—, C. 
D. Hodgman and N. A. Lange........ 


Physiological Chemistry, Introduction 
to—, by M. Bodansky............... 
Physiological Chemistry, Laboratory 


Manual of—, by M. Bodansky and 
M. S. Fay.. 
Plant Products, 
Chemistry of—. 
and T. G. Hill. 
Principles of Chemical 
. H. Walker, W. 
H. McAdams. . : 
Principles of Chemistry, Es SSé ays on ‘the Art 
and—, by H. E. Armstrong......... 
Principles of Metallography, by. 5S) 
Williams and V. O. Homerberg....... 
Protamines and Histones, The—, by A. 
Kossel. . ates Nera ny 


“An “Introduction to the 
I. P. Haas 


oe: by 
Kk. ioe and W. 


Qualitative Sentai: by W. F. F. Shear- 


croft.. ese 

Qualitative ‘Analysis, ‘A Textbook of Ele- 
mentary—, by C. J. Engelder....... 

Qualitative Analysis, Laboratory M:z anual 
of Inorganic Chemistry and _ Ele- 
mentary—, by C. C. Hedges and H. R. 
Brayton... . 


Qualitative Anz alysis ‘for the Rare Ele- 
ments, A System of—, A. A. Noyes 
and W. C. Bray.. Ree een 

Essentials 


Qualitative Chemical Analysis, 
of—, by J.C. Ware. Ravers 


1714 


901 


1363 
1200 
1364 
1362 
1528 
1032 


1708 


1032 


109 


370 
498 
111 
499 


777 


1033 


109 
1706 


Quantitative Chemical Analysis, by C. M. 


PCR. sxc ee 
Questions, New- -Type—in Chemistry, ‘by 
C. G. Cook sare 


Tutiote in Chemistry, Past and Present, 
y M. Gomberg.. 

Radio’ Elements as Indicators ‘and Other 
Selected Topics in Inorganic Chem- 
istry, by F. Paneth. 

Rare Elements, A System of Qualitative 





< 


‘Bray.. : aes 
Reactions in Inorganic Chemistry, Oxi- 
dation-Reduction—, by E. J- Jette.. 
Recent Advances in Chemistry i in Relation 


to Medical Practice, by W. McK. 
Marriott. 

Recent Advances in Organic Chemistry. 
Vols. landII. A. W. Stewart....... 


Report of the Committee on Photochem- 
istry, en. by H. S. Taylor, Chair- 


man. EY Cee Pee 
Research, Ten Years of Educational—, 
1918-1927, by W. S. Monroe, e al... . 


Salaries, Teachers’—, by T. Arnett........ 
Science, Certain Techniques Used in De- 
veloping a Course of Study in—for the 
Horace Mann veeneeveniel School, by 
G. S. Craig.. Hep Ree PPS ae a nee 

Story had Chemistry, The—, by F. L. 

Sadeanr ‘aa Bridge. Bulletin No. 
434. Leeds and Northrup Co....... 

Study Questions and Problems in Inorganic 
Chemistry for Colleges and Univer- 
sities, by A. Silverman. 

Survey of American Chemistry, Annual—. 
Volume II. July 1, 1926-July 1, 
1927. Edited by C. J. West... ¢.<:.-s.65. 

System of Qualitative Analysis for the Rare 
Elements, A— hei A. A. Noyes and 
W. C. Bray.. apc Pi see 

Tables of eoitns and Chemical Con- 
stants and Some Mathematical Func- 
tions, by G. W. C. Kaye and T. H. 
Laby. . 

Teachers’ Salaries, by T. Arnett. . 

Techniques Used in Developing a Course of 
Study in Science for the Horace Mann 
Elementary School, Certain—, by G. 
S. Craig.. 

Ten Years of Educational Resed arch, "1918- 
1927, by W. S. Monroe, et al.... 
Tentative Course of Study im E lementary 

Science, by G. S. Craig. . 

Tests, Traditional Examinations and New- 

Type—, by C. W. Odell..... 


Theoretical and Experimental "Physical 
Chemistry, by J. C. Crocker and F. 
MRM 08 goed, tia sata tiad sai Schon ss cane 


Thermionic Phenomena, by E. Bloch..... . 
Traditional Examinations and New- eicis 
Tests, by C. W. Odell...... 


Valency, The Electronic Theory. of—, by 
N. V. Sidgwick. . 





Vestiges of Pre-N rt etric ‘Weights ‘and 
Measures Persisting in Metric Sys- 
tem sep 1926-1927, =. A. E. 


Kennelly. . 


Its Manufacture, Util- 


Wearing Apparel: 
Univ. of 


ity, Selection, and Care. 
Pgh. Radio Publ. 

Works Practice, a Guide to—, The Making 
ofa Chemical—, by E. I. Lewis. . 


371 
112 


1204 


631 


777 
1713 
1713 


109 


1034 
1713 


1033 
632 
84 


373 


1203 


777 
242 


Science Service Notes and Other Scientific 
: ews 


i og Nearing ncacnneiel Mark, Chem- 
ists’ / to—. .. . 
Alcohol C hief Poison in Bootleg Liquor. . 
Alligator Pears, Hard Soap from—. . 
American Scientists Visit British Shrine.. 




















Vor. 5, No. 12 





SuByjEcT INDEX 


1753 





Anniversaries, Liebig and Wéhler—....... 
Arc Light Shines through Fog, New Red—. 
Army Engineers Studying ne on New 
Explosive. . 
Arsenic, New Insect- Killing " Chemicals 
Said Less Dangerous than—.... 
Artificial Rubber Made in Germany 
Athletes, Bright British Boys Are Also 
Best—.... ‘ 
Atmospheric Gases, Spectra of (Gs 
Atomic Structure Limits Accuracy of 
pT SALE REE re Ee eres 


Bettes in Milk Destroys Botulism Poi- 


on. 
Barium ¢ Carbonate, ‘Increased U. S. Tariff 
meena | Creams Made from Whale “Oil, 
Glycerine for—. ... 
Benzol Poisoning in Chemical Laboratories 
Beri-Beri Results from Prohibition........ 
Beri-Beri-Preventing Rice, Determine 
Standard for—..... Rater 
“‘Bios,’”’ Yeast Vitamin, and 
Crystallized. . ua 
Blackboard, Ground Glass ‘Proposed ~ as 


"Separated 


ovel—... és 
Blood Changes May ‘Cause Post-operative 
Illness. . 
Borax Discovered to Be ‘Deadly to Mos- 
quito Larvae.. 
Borax Industry, U. 'S. Has ‘Monopoly i te 
Boron Needed by Plants, Zinc and—.. 
Breathe, All Life Needs Iron in Order to—. 
British Shrine, American Scientists Visit—. 
Brown Cookies, Using Science to—........ 
Bubbles of Selenium, Blows—. . 
Butter Studied, Keeping Qualities ae 


Cadmium Metal Finds Use in Solders..... . 

Calcium Chloride, Use of—............. 

Cancer Deaths, Statistician Scores Eco- 
nomic Waste from—... 

Cancer Virus Harmless, Finds Chemicals 
That Render—.. 

Cane Disease Cure, Prize for—Offered in 
Brazi 

Careful Use of Potent Rickets "Remedy 
Urged. . » 

Carnations, ‘and ‘Other Posies Now Grown 
without Soil, Roses,—. as 

Castings, Radium Rays Test Flaws in—. 

Cathode =e Make Burns Like Those of 


X-Ray: 
Cellulose Cautens "New Basis ‘for Forest 


Ratings. 
Charge rs Diphtheria Germs, “Measures 
Electric—.. hae ucale 6 
Cheating in Exams. “Put to “Use by Psy- 
chologist.. 


Chemical Industries Exposition ‘Prepares 
Lecture Series.. es 

Chemical Inhibition Saves Much Money. ‘ 

Chemical Properties of Virus, Discovers—. 

eae Society, High-School Teachers 

Chemical ‘Treatment Saves Ancient Manu- 
scrip 

Chemist yee to. Worry about World's s 
Food Supply. . 

Chemistry, Delegates to the ‘International 
Union of Pure and Applied—.. 

Chemistry, Search for Synthetic Rubber 
Helps—, though It Fails.. 


Chemistry, The Teaching of "Elemen- 
COTY. ec ces ccceccce 

Chemistry Seen as Aid to Spice and Food 
Industries. . 

Chemistry Studied to Aid Medical Science, 

iver—. 

Chemists’ Aid to Agriculture Nearing Cen- 
tury Mark.. 

Chsaian Seek ‘Way ‘to ‘Unmix Oil and 
Water.. 


Chicago Doctors. Find Remedy” ‘for Sea- 
sickness. . ea Fy 


1306 
670 


1003 


182 
996 


322 
1339 


116 


1198 


1311 
502 
1108 
1078 
1532 
502 
1275 
663 
1198 
696 
1384 
1130 
1083 
1122 
634 


oo Ryn May Be Caused by 
nzy 

Chitdven. Get Ultra- Violet Rays" in Glass 
Pavilion... . 

China, Museum Tdentifies—by "Chemical 
Tests.. 

Christmas Lilacs Forced “with Ethylene 
Dichloride.. - 

Chrome Ulcers on Tncrease.. re 

Civil- Service Examination, osc ‘176, 
.....+.224, 248, 599, 618, 636, 1638, 

Classroom E1 ete cy $ 

Clock Run _ by Thermometer, | ’ Self- 
Winding—... ne 

Coal Mine Like Explosiv es Magazine ies ‘ 

Cocaine No Longer Necessary. 

Cod-Liver Oil Causes Increase in Red 
Blood.. 

Cod-Liver Oil Fails as Egg Stimulator.. 

Coffee * Beneficial Beverage, Biologist 

oo 

a Cause Greatest Time Loss in In- 
ust 

College ‘Cina First Vear, ‘Experi- 
mental—.. 


Colloid Symposium, ‘Sixth National—.. ; is 
Colloid Symposium, Sixth—, Program of 


PRU ig S005 oko be ak 3a Hake eens 
Color vrest for Vitamin A _ Reliable, 
MME ers «Psat cs at etwale caus aceon 
Color Values, ‘New Camera Films Give 
Correct—.. , 


Compressed Air Aids Shade Trees... .. 
— Woodless House Built of Steel 





Cinta of ‘Education| ‘Called’ “Evil” by 
Tennessee Teacher, Democratic—. . . 

Copper Sulfate in Italy, Production and 
Consumption of—.. ; 

Corn-borer Likes Tall Corn Best. 

Cotton, Linen, Rayon, Act Alike ‘toward 
Ultra-Violet Rays..... 

Cotton, Prussic Acid to pe Pt an 

Cotton Growing Must Stop in Southeast, 
Says Chemist. . é are 

Creosoted Ties Last Many Years.. 


Crystals, chaeteeitanais Made of Micro- 
scopic— 

Crystals, Vacuum “Tube “Tests ‘Wave- 
Length—. 

Crystals Form Natural Rock Flower, 
Huge—.. 


Crystals G low, > 2 Rays Make—.. 


Danish Scientists Find Vitamin Virus..... . 

Decalog, The Professor’s—. . . 

Delegates to the International Union of 
Pure and Applied Chemistry. . 

Dextrose Candy Helps Fat Nurses Reduce. 

Diamond Mystery Remains Unsolved.... . 

Diaries for Educators, College Students 
Keep—.. : 

Diet, Meat—Increases Fright of Rats..... 

Disease, Reading ew ure Sections 
Causes Unusual Skin—.. i 

Drug Relieves Heart Pains.. P 

Dye Rayon Evenly, Discovers ‘How to ; 


Education, Democratic Control of— 
Called Evil by Tennessee Teacher... . 

Education, The Place of Science in— 
Committee Report.. : Baas 

Education and Society... 

Educational Fable, ae. if 293, 


Egg Whites Produce Curious ‘Disease in 
Rats, Dried—... 
Electro-Magnetic Filter, 

Spleen—..... MMOLE eee take 
Electrons Escape, Coating on Vacuum 
‘Tube Filament Helps—.. . egekhey ss 
Electrons Leave in Great Hurry.. 
Emanations, Classroom—. . 
Engineers Studying Report. on ‘New. Ex- 
plosive, Army—.. 
Enzyme, Chicken Tumor May ‘Be Caused 


“Surgeon. ‘Calls 




















1754 JOURNAL OF CHEMICAL EDUCATION DECEMBER, 1928 
Ephredine Coren to Natural, Syn- High-School Students’ Work in Chemistry, 
thetic—.. See ia Sea bkiaa kaa) <n xhibit of—. 1638 
Ethylene Dichloride, Christmas Lilacs High-School Teachers and ¢c hemical So- 
Forced with 1384 ciet 1532 
Ethylene Gas Treatment, “Melon Ripening Hot W eather ‘Drink, “Salt Water ‘Is Good—. 1132 
Hastened by 348 Household Chemical Travels under Aliases. 636 
E —— Put to Use by Psychologist, Cheat- ‘i Hydrogen Sulfide Hogs, Outwitting the—.. 585 
in— 
Exhibit of High- ‘School Students’ Work Ice Cakes Become Standardized. . 1128 
in Chemistry. Scien ae Industrial Research Willing to ‘Spend 
Experiment in Thinking “Shows, Two Money. os eitie sts 0/8 .0is.e 2.0.0.0. 5 0. 1576 
Heads Better than One—.......... 167 Industry, Colds Cause Greatest Time Loss 
¢xperimental llege ompletes Firs be 585 
E gia nos a. —— on 1182 ee Saves Much Money, Chem- 
Explosive, Army Engineers Studying Re- 1ca 1098 
I <0 on \rmy En 2 dyi si 1003 Insect- Killing ‘Chemicals Said’ Less ‘Dan- 
Explosives, Safety Film of Institute of gerous than Arsenic, New—.. 182 
Makers of —.. 1681 Institute of Chemistry. . ‘ F 248 
Explosives Magazine, Coal Mine Like—. . 1116 Institute of Chemistry, Second—. . 204 
Exposition, Chemical Industries— Prepares a of Chemistry, Teaching Methods 
Lecture Series. . runs’ gigtanssceteetaee 502 E q : x 873 
Sentdatien. “Special Oils ‘Needed. for Elec- 
Fable, An Educational—.. .1293, 1326 tric—... 4 835 
Feed for Farm Animals, British Find Fish Insulin Affects Fish as It Does Humans.. 150 
Refuse Makes—.. 572 Intelligence More Useful than _ Brains, 
Fertilizer, European Caves Yiela—. ae 535 Social—-. . 114 
Fertilizer, Forest Fires Destroy Natural—. 1291 International Union of Pure and Applied 
Film of Institute of Makers of Explosives, Chemistry, Delegates to the—.. 663 
Safety—.. Cateye ewsenaucee she a Invention, Stimulus to—.. 1332 
Filter, Surgeon Calls Spleen Electro- Iodine in Water Does Not ‘Always Prevent 
Magnetic—.. 778 soiter. 1391 
Firefly Light Like Common Fire, ‘but Cold. 1098 Iron in Order to Breathe, All Life Needs—. 1083 
Fires Destroy Natural Fertilizer, Forest—. 1291 Iron Particles, Faint Glow in Sky sanenet 
Fish, Sugar Factory Waste Suffocates—. 1398 Caused by— 93 
Fish Refuse Makes Feed for Farm Animals, Iron Wire in Acid Acts Like Nerves. . 1296 
British Find—. . RK ode edee ocaee 572 . 
Flower, Huge Crystals. Form Natural Jewels Shown to Chemists, Synthetic—.... 1326 

Ae as 906 | ; ; 

Fog, New Radi Arc Light ‘Shines through—. 670 Kaiser Wilhelm Institute to Study Inter- 
Food Advertisers Must Follow Rules of nal Medicine, New—.. 71 

Science, Scientific—. . ’ 1602 Kit, Practical ene Rescue—Not Gener- 
Food Important “‘ Medicine” for Mental ally Used. : tees 670 
F anak. ‘Chemistry | Saeniac Asda t 850 Lead Adulterant in Snuff Poisons Three... 290 

Ee Po aa > ai ‘ id to 1384 Lead Compounds Join Radium in War on 
z ‘ Cancer.. ; 796 
Food Supply, Chemist 1 Refuses to W Worry 1275 Lemons More Sour than Vinegar, Are—? 993 
Food’s Utilization U naffected by Oil. Lal euarewens 780 ———— Out of Their Jobs, Molds Cheat- 1147 

Forest Fires Destroy Natural Fertilizer. 1291 

Forest Ratings, Cellulose Content New Library y of ¢ ‘Congress Gets Rare Science 860 
Basis for—. . 1198 i : 

: Liebig poe Wohler ‘Anniversaries. rasa lier apts: 1306 

aes Discovery, Rolled Oats. Respon- 1055 Life Needs Iron in Order to Breathe, All—. 1083 
ges eehe ns . : ¥ Light as Length Standard Internationally 
Gangrene Cause scaaniaiine: Treated bel Adopted. . 95 
BYS...... ; 1120 Light Color Change ‘Gives New ‘Insight 
Gas, Plant Generates Inflammable—...... 596 into Structure of Matter. . 1614 
Gas ‘‘Dope’’ No Good, Chemists Declare.. 1254 Light-Sensitive Cell Measures ~ Healing 
Gas from Lignite, Austrians Make—.... 1705 Ultra-Violet Rays. . 762 
Gases, Spectra of the Atmospheric—...... 1339 Lightning, Noted British Scientist Meas- 
Gasoline Now Selected by Useful Tests.... 1019 ures Speed of—. 1526 
Gasoline O. K., Chemists Declare Brown- Lightning Stroke Electrocutes Tree. 1582 
rosa b pie al acleteea cence ee Lignite, Austrians Make Gas from—.. 1705 
Germ from Meningitis Case, Isolates Lilacs Forced with Ethylene Dichloride, 

Jew—.. 196 Christmas—.... .. 1384 
Germ-Killing Powers ‘of Smoke Studied. 141 Limestone Stains Discovered, Cause of —. 928 
Gelatin Makes Movies Possible, Impure— 188 Liver Chemistry Studied to Aid Medical 
German Process Separates Oil by Elec- Science.... 1130 

tricity.. 756 Liver Diet for Anemia Spreads Rapidly. . 853 
Gibbs Medalist, Willar€a—W. D. Harkins.. 742 Liver May Harm Well Persons, Fad for—.. 906 
J ans Used—-. 822 . 
pane cern indows, Romans Used—. . Magnetism Now Probes Interior of Steel... 906 
SreerRyee i er eee ene, 336 a. Chemical Treatment Saves in 
ncient—. Sgn Racca eed eies 502 
Sa pipuaiaelndenheiien 93 Measles in Children’s “Hospital, Goat 
Glycerin for Neoed Creams Made from Serum Prevents—......- se eeeeees 704 
Whale Oil. Eo ee hind eee 555 a bac ea —_— of istry Si per 568 
ae edical Science, Liver Chemis id Studie 
Glycogen, Test for—. 1658 ike 1130 
Hard Soap from Alligator Pears. ..... 1278 Medicinal Trees, ‘Country Has 137—. ..... 1288 
Harkins, W. D.—Willard Gibbs Medalist. . 742 Medicine, New Kaiser Wilhelm Institute 
Health Experts Compute Sunlight Losses to Study Internal—. . yal 
from Smoke. . 313 Melon Ripening Hastened “by Ethylene 
Health Measures Make ‘City Death ‘Rate Gas Treatment. . ; 348 
Lower.. 204 Mercury Arc Best for Damaging Paints.. ie 1523 
Helium Placed on ‘Open “Market. 989 Mercury Poisoning from Amalgam Tooth 
Helium Supply to Be Increased, U.S 710 Fillings, Warns against—........... 1570 
































Vou. 5, No. 12 





SuBJEcT INDEX 








Metal Trade Routes by Chemical saad 
Trace Ancient—... ae 
Metal Uses, Chemists Told of Rare—...... 
ee eaanae Made by New German 


Proce 
—_— 4 Institute of Chemistry,  Teach- 
iene , OR a “Aid ‘Japanese ‘Silk 


Spinners. . eased a a = Walanepeoueeet ee 
eas ing Crystals, ’ Photographs Made 
Milk. Destroys ‘Botulism Poison, 

in—.. 

Mine Like Explosives Magazine, Coal—.. 


Bacteria 


Minerals Laid Down Rapidly, Hot 
Springs—.. 

Mining Rescue Kit ‘Not. Generally Used, 
Practical—. . 

Molds Seen ‘Lemons. Out of Their 
Jobs.. Merc die aim ered oore 

Monument ‘to ‘Pasteur. * Dedicated at 
Chicago. . 

Mosquito Larvae, ‘Borax Discovered to Be 
Deadly to—.. we 

Movies Possible, “Impure ‘Gelatin 


Ma 
Museum "identities China _ by “Chemical 


Tests. . 


Nitrate Plant in Holland, aati. 6 aes 
Nitric Acid Process in Italy, New—....... 


Oats Responsible for Furfural Discov ery, 
olled—. . x 

Oil, Food’s Utilization Unaffected by—.. 

Oil, oo Process Separates—by Elec- 


trici 

Oil and 5 “Chemists Seek “Way to 
Unmix—....... 

Oils Needed» for 


Electric Insulation, 
Special— Soha ger derasteris 
Outwitting the H: Ss ‘Hogs. . 


Paints, Mercury Arc Best for Damaging—. 
Pasteur, Monument to—Dedicated at 
Chicago. . Serene 
Pears, Hard Soap from Alligator—. anes 
Peroxides Useful for Something besides 
Blondes. . 
Phosphate, Tri- ‘sodium—(see “Household 
Chemical Travels under Aliases).. 
Photographs Made of nee Crys- 
tals... a 
Plant Generates Inflammable Gas......... 
Plants, Ultra-Violet Rays May Harm—.. . 
Plants, Zinc and Boron Needed by—.. 
Plants ‘‘Sunburned”’ by Ultra-Violet Rays. 
Pneumatic Tubes Transport German Steel 


OMe Chan usue cecueadomeee sion 
Poisoning in Chemical LES: 
Benzol—. . 
“Poor Risk” Students Take Course in 


How to Get through College.......... 
Potash Salts Discovered, Deposit of—. . 
Prize for Cane Disease Cure Offered in 

Brazil. a sea acele aise 
Professor’s Decalog, ‘The— 

Program of Papers, Sixth ‘Colloid Syn m- 
posium.... 

Prohibition, Beri-Beri Results from—.. .. . 

Prospecting for Minerals in Sub- Arctic Re- 

gions.. : x 
Prussic Acid to Protect Cotton. . es 
aay om apenas in Exams. “Put to 

Use by—... 


Radio Possible, Sun’s Ultra-Violet Light 
akes—.... 
Radium in War on Cancer, “Lead Com- 
pounds Join—.. . 4 
Radium Rays Test Flaws in 1 Castings.. sire 
Rare Metal Uses. Chemists Told of—...... 
Rayon Evenly, Discovers How to Dye—.. 
Reading Rotogravure Sections Causes 
Unusual Skin Disease. . oe 
Reduce, Dextrose ‘Candy ‘Helps ‘Fat 
Nurses—..... oe 


1242 
1273 
2 
1116 
354 
670 
1147 
1671 
1067 
188 


1122 
835 
585 

1523 

1671 

1278 

1073 
636 

1273 
596 

78 
878 
1405 


Remedy Dangerous, Finds Old Tooth- 
DEM i wdvecclcs ka tenaruae dete 

Research, Industrial—Willing to Spend 
Money.. : 

Rice, Determine Standard for Beri- ‘Beri- 
Preventing—. . 


Rickets, Discover New Agent ‘to Prevent — 

Rickets Remedy Urged, Careful Use of 
Potent—... 

Roses, Carnations, ‘and. Other Posies. Now 
Grown without Soil. P 

Rotogravure Sections Causes “Unusual 
Skin Disease, Reading—............. 

Rubber Helps Chanuies” Search for 7 
thetic—, though It Fails..... 

Rubber Made in Germany, Artificial—. . 


Salt Water Is Good Hot Weather Drink. . 
Schools Should Do More than Teach. 
Science, Liver aerey Studied to Aid 
Medical—... 
Science in Education, 
Committee Report. . 
Science to Brown Cookies, U sing—.. aes : 
Scientists Visit British Shrine, Americ an—. 
Scholarship, Yankee Ingenuity to Win—.. 
Seasickness, Chicago Doctors Find 
Remedy for—. . vueteuusy 
Seasoning, Note See reg 
Selenium, Blows Bubbles of —. . 
Serum Aids All Types of Pneumonia, 


“The ‘Place of—. 





New—...... 
Serum Prevents "Measles ‘in Children’s 


Hospital, Goat—.. 

Serum Test Distinguishes Infection ‘from 
Immunity.. 

Shipworms Digest Wood, Scientists Find— 

Silk Spinners, Micro- a Aid 
Japanese—... 

Skin Disease, Reading Rotograv ure . ‘Sec- 
tions Causes Unusual—. . 

Smoke Studied, Germ-Killing Powers of — 

Smoke, Health Experts apeee Sunlight 
Losses from—. . 

Smoke Injures Field Crops, German Fac- 
tory—.... 

Snuff, Lead Adulterant in—Poisons Three. 

Soap from Alligator Pears, Hard—.. . 

Soil, Roses, Carnations, and Other Posies 
Now Grown without—..... bipee 

Spectra of the Atmospheric Gases. . 

Spice and Food Industries, Chemistry Seen 
as Aid to—.. 

Spleen jElectro-Magnetic ¥ Filter, Surgeon 
Calls— i 

St. Louis Meeting, The—. . ahs ne 

Stains Discovered, Cause of Limestone- —.. 

Standard Internationally Adopted, lovpeni 
as Length—.. ; 

Standardized, Ice Cakes Become—........ 

Steam Wells Examined by cnet Cali- 
fornia—........ PRAT 

7 Magnetism | Now Probes Interior 

Steel : and Concrete, Woodless House Built 
hes cre ctiuctacteckeruduuncuuneas 

Steel Samples, Pneumatic Tubes Trans- 
port German—.. 

Structure of Matter, ‘Light “Color Change 
Gives New Insight into—. . 

Sugar, Swiss Chemist Makes Sy nthetic—. . 

Sugar Declared Unlikely, Synthetic Cane— 

Sugar Factory Waste Suffocates Fish..... . 

Sun Contains Eye Lotion Element. 

Sun Keeps Babies Well, Experts “Find 
Tropical—. . 

Suetnan Wear Silk or Wool to Avoid—.. 

Synthetic Cane Sugar Declared Unlikely.. 

Synthetic tn Shown to Chemists. ..... 

Synthetic Nitrate Plant in Holland.. 

Synthetic Rubber Helps Chemistry, 
though It Fails, Search for—.... . 

Synthetic Vinegar Lacks Vitamins. . 


Teachers and Chemical 


Rewisiin High- 
School—..... Nek aw ead nena 


1614 


1 398 
875 


224 
860 
1424 
1326 
1443 


1198 
921 


1532 





1756 


JOURNAL OF CHEMICAL EDUCATION 








Teaching Methods at Institute of Chem- 
istry.. 
Teaching 
he—.. 
Television Shown at Physicists’ Meeting.. 
Test for Vitamin A Reliable, Finds Color— 
Tests Fail to Predict Students’ Grades..... 


hart Blementary Chemistry, 


Thermometer, pietinseeiannell Clock Run 
by— 
Ties Last Many Ye: at tee 





Toothache lc sag Dangerous, Finds 

Old— . Foret 
Trees, Gountty Has 137 Medicinal. Grate leone 
Tumor May Be Caused by Enzyme, 


EM cups trek es Mae ase woo 


Ulcers on Increase, Chrome —... 

U.S. Has Monopoly in Borax Industry. . 

Ultra-Violet nine Makes Radio 0 Possible, 
Sun’s—.... 

Ultra-Violet Rays, Cotton, 
Act Alike toward—. . 

Ultra-Violet Rays, Light- Sensitive 
Measures Healing—... . 

Ultra-Violet Rays, Plants 
by—.. eee 

Ultra-V iolet Rays Aid ‘Anemia Cure BS eanieinis 

Ultra-Violet Rays in Glass _ Pavilion, 
Children Get— 

Ultra-Violet Rays Increase “Mineral Salts 
in Plants... ... 

Ultra-Violet Rays May Harm Plants. . ar 

Ultra-Violet Transmitting Windows ‘De- 
clared Useless in Schools. . . 


“Rayon, 
“Cell 


Lin nen, 


“Sunburned” 


Vacuum Tube Filament —_ Electrons 
Escape, Coating on—. 

Vacuum Tube Tests Wave- Sy ength Crys- 
tals. . ; 

Vinegar, Are ‘Lemons More ‘Sour than- —? 

V inegar Lacks Vitamins, Synthetic 

Virus, Discovers Chemical Properties of—. 








Vitamin, Separate od and kg stallized, 
‘‘Bios,’’ Yeast—.. 

Vitamin A _ Reliable, "Finds Color “Test 
for—. , 


Vitamin B Split into Three Parts.. stn 
Vitamin D Found in New Hiding Place. nee 
Vitamin in Cod’s Eggs Aids enninenen 
of Young. . : 
Vitamin Virus, Danish Scientists Find- — 
Vitamins, Must Eat Greens to Get : 
Vitamins, Synthetic Vinegar Lacks—.. ee 
Vitamins, Watercress Has Many—........ 











Whale Oil, Glycerin for Beauty Creams 
Made from— Seppe tees tina-ag-atapalors 
Wheat Plants Feed Better in Green- 


Violet Light. . : ie 
Will-o’-the- Wisp Studied Be ecenians®. rye 


Windows Declared Useless in School, 
Ultra-Violet Transmitting—. 

WoOhler Anniversaries, Liebig and— = eae 

Wood, Scientists Find Shipworms Di- 
gest—. 

Woodless House Built ‘of Steel ‘and ‘Con- 
crete. 


Working as s College Course Popular Edu- 
cation Method. : edie 


X-Rays, Cathode Rays Make Burns Like 
Those of—. . 

X-Rays, Gangrene 
Treated by— era 

X-Rays Discovered, ‘New ‘Property len. 

X-Rays Make Crystals Glow............. 


Cause Succe ssfully 


Yankee Ingenuity to Win Scholarship. . . . 
Yeast Vitamin, eee and _Crystal- 
lized, ‘‘Bios,””—... ; 


Zinc and Boron Needed by Plants......... 


1089 
1061 
816 
188 
514 


655 


207 
1234 


1414 
1306 


102 
802 
860 


Frontispieces, Scotesabet. 1925—December, 











Accum, Fredrick—.. 

Alchemist, : 18th ‘Century 
(French School). ‘ 

Alchymist, , by ‘Edm. ‘Hell- 
mer. ; Sterner 

Arrhenius, " Svante—... 

Balloon Ascension for Scientific 
Observations in 1804, Gay- 
Lussac and _ Biot ane 
Their—.. A Gece ast 

Berthelot, Marcellin—.. 

Biot, Gay-Lussac and—, Making 


Their Balloon Ascension for 


Scientific Observations in 
ORME cpio. dia ncalacat cn utanayehatanatel sy er9.8 © 
Bogert, Marston Taylor—....... 








Bunsen, Robert Wilhelm 


Bureau of Standards, Airplane 
VEOH GO. occ cc tensccess 

Cannizzaro, Stanislao—.......... 

Chamoet, Dr: 08. Boe. o's «6s: 


Davy, Michael Faraday W: sins 
Apparatus for Sir Hum- 


phry 
— Chemical Company’ s Works 





at Midland, er rece River 
Front View of the é 
Dye House, Corner of a ’ Piece- 
2G SES oa hee Fae 
Eliot, Dr. Charles W.—........ 


Faraday, Michael— Washing Appa- 
ratus for Sir Humphry Davy 


Franklin, Edward Curtis—.... 
Garvan, Francis P.—......... 
Gay-Lussac and Biot Making 
Their Balloon Ascension for 
a Observations in 
18 nf 
Gibbs, “a ‘Willard—. . ores 
Harrison, Plant of rates First 
American Manufacturer of 
Selluric Amid... ......ccceue 
Hoover, Herbert—............. 
Kekulé, Friedrich August—..... 
Liebig, Justus von—............ 
a, Michéjlo Vasilie- 
vi¢—, 1711-1765... Sainets 
Mitchill, Samuel L.—, M.D...... 
Moscicki, Ignace—, President of 


the Republic of Poland...... 
Munroe, Dr. Charles E. See 


| 5 ey ore 





Dr. James 
Ss. W.— 


Norris, 


Parr, 


Pasteur by Paul Dubois, ‘Bust fac 


Perkin, William—.. 


Priestley, The Stuart Portrait f=, 


Ramsay, Sir William—......... 
Remsen, i 
His Son, Presented to Johns 
Hopkins University........ 
Richards, Theodore W.— 
Rumford, Portrait of Count— 
When Sent to England as Am- 
bassador from Bavaria, 1798. 
PRR Olea save cide cteeiew wis eelence 


Sabatier, Dr. Paul—............ 
Smith, Alexander—.............. 
Smith, Dr. Edgar Fahs—........ 
Sulfuric Acid, Plant of John Harri- 





son, First American Manu- 
TACEUNEE Glia ccs cies uss 
Wiley, Dr. Harvey W.—......... 
Wohler, Friedrich—............ 


Oct., 1925 
Nov., 1925 
Aug., 1926 
Nov., 1928 
Feb, 1926 
Oct., 1927 
Feb., 1926 
Apr., 1928 
Apr., 1927 
Jan., 1926 
Dec., 1926 
Jan., 1928 
Sept., 1925 
Apr., 1926 
Mar., 1926 
July, 1926 
Sept., 1925 
Oct., 1928 
June, 1926 
Feb., 1926 
May, 1928 
May, 1926 
Dec., 1925 
June, 1927 
Dec., 1927 
Sept., 1927 
Mar., 1928 
Nov., 1927 
Mar., 1927 
Aug., 1928 
Feb., 1928 
Nov., 1926 
Sept., 1926 
Feb., 1927 
July, 1927 
Jan., 1927 
July, 1928 
Sept., 1928 
Oct., 1926 
May, 1927 
June, 1928 
May, 1926 
Aug., 1927 
Dec., 1928 




















